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TECHNICAL MEMORANDUM X-64966 


COST ESTIMATING METHODOLOGY AND TECHNIQUES 
FOR PREPARING INDUSTRIAL-ENGINEERING TYPE 
MANHOUR AND MATERIAL-BASED 
COST ESTIMATES 

I. INTRODUCTION AND BACKGROUND 

Cost estimating at the Marshall Space Flight Center (MSFC) has been 
performed in three general functional areas. Each of the functions has con- 
sistently provided top level estimates. Ti.ie method of development of estimate 
rationale and intermediate and lower level data has varied. Each of these 
estimates has its optimum purpose and place, and each is complementary of 
the other in the overall estimating process, 

'’Grounds -up” industrial engineering manhour and material based esti- 
mating tecliniques have traditionally been applied to estimating construction 
activities. In facilities programs, the procurement process requires generation 
of sufficient data to accommodate this methodology. By begimiing -with and 
developing through the architect-engineering phase the production of final draw- 
ings and specifications, direct material take-off and labor computations, and 
the development of precise estimates, are possible. Parametric or statistical 
techniques have been applied for total program/ project costing in early phases 
of program development. In this method, analogies are drawn from the most 
similar historical experience available. This method has produced realistic 
planning estimates for a large number of programs, many of which liave been 
acquired by MSFC as new program starts. Industry cost data, generated in 
proposals and in cost reporting under contracts are normally based on industrial 
manhour and material type pricing. The past several years of estimating activity 
to develop in-house industrial engineering type estimates for approved projects 
has shown that a very beneficial planning and learning experience can be gained 
by organizing an in-house government activity for conceptualizing, in detail, the 
total program parameters ( cost, schedule, and performance) . 




The in-house Science and Engineering estimating activity has been and 
is still being used for the support of source evaluation activities, the estimating 
! of changes, the preparation of procurement requests and proposals, and the 

( performance of special trade-off studies. 

Tables 1, 2, and 3 show a typical grouping of the elements of cost which 
normally comprise product costs. Since cost definitions and accounting systems 
vary, the specific cost elements listed under each cost category may vary sub- 
stantially. It is not expected that every cost analysis will encompass a rigorous 
treatment of all of the subelements of cost, but the basic fact of the existence of 
these costs must be recognized in the preparation of a cost estimate. The cost 
estimating method described in this report assumes the availability and use of 
drawings, specifications, schedules, work breakdown structures, and program 
ground rules for a project to develop manhour, material, computer, and travel 
estimates of resources required to accomplish the total job. 

II. METHODOLOGY 


The most important aspect of making a cost estimate is the preparation 
of a plan which will assure that the proper information and sldlls will be avail- 
able to provide inputs to the cost estimate. Since virtually every project is 
multidisciplinary in nature, it is necessary to identify organizations and/ or 
individuals at MSEC who are qualified and capable to provide expert advice on 
the resources required to accomplish each part of the job. Since this expertise 
can very seldom be found in one place, it is necessary to form a small esti- 
mating team which will work cooperatively with the individual responsible for 
managing or coordinating the cost estimate. Team assignments are usually 
aligned with the work breakdown structure. Prior to assembling the cost 
estimating team for its first meeting, it is necessary to bring together as much 
information as possible concerning the project which will be useful in preparing 
the cost estimate. The following information is required before a cost estimate 
’’kick-off ’ meeting can be held: 

1. A schedule for the estimating activity. 

2. A work brealalown structure (a typical work breakdown structure is 
shown in Figure l) . 
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TABLE 1. TACTORS AFFECTING PRODUCT COST — DIRECT COSTS 


1. Labor 

Engineering 

Manufacturing 

Tooling 

Quality and Reliability Assurance 

Testing 

Planning 

Tool Design 

Tool Maintenance 

Packaging 

Sliipping 

Transportation 


Materials and Subcontracts 
Raw Materials 

Partially Finished Materials (Forgings) 
Parts, Sheet Stock, Fuels and 
Lubricants 
Tool Materials 
Equipment and Supplies 

3. Other Direct Costs 

Travel Costs 
Computer Services 
Reproduction Services 
Training Costs 


Direct Costs 

2 . 



TABLE 2. FACTORS AFFECTING PRODUCT COST - INDIRECT COSTS 


1. 

Laboi’ Burden 

Indirect Costs 

3. Overhead 


Bonuses 

Amortization 


Health Insurance 

Bid and Proposal Costs 


Paid Holidays 

Claims 


Paid Vacations 

C ommuni cations 


Social Security 

Custodial 


Supervisor’ s Salary 

Depreciation 


Pensions 

Heating and Cooling 

2. 

Material Burden 

Independent Research and Development 
Lidustrial Relations 


Handling 

Insurance 

Lighting 


Inventorj!- Control 

Maintenance 


Purchasing Costs 

Operating Supplies 


Storage 

Powex’ 



Rental of Buildings 
Waste Disposal 
Water 



other Costs 


1. General and Administrative (G&A) Expenses 

Administration 
Advanced Design 
Advertising 
Corporate Expenses 
Executive Salaries 
Finance 
Marketing 

Personnel Department 
Research 

Training Department 
Corporate Taxes 

2. Fee ( Profit or Earnings) 

Return to Stockholders 
Reinvestment 

Capital Eqidpment and Tooling 


3. Furnished Equipment^ 

Fuels and Lubricants 

Subassemblies 

Facilities 

Equipment 

Spare Parts 

Experiments 

Selected Services 

4. Other 

Warrantee Costs 
Hazardous Pay 
License Pees 
































































3. A work breakdown structure dictionary (Appendix A is a typical 
work breakdown structure dictionary) . 

4. A program schedule showng key DDT& E milestones and hardware 
delivery dates. 

5. A make-or-buy structure showing which work elements are to be 
done in-house versus what elements wall be performed out-of-house. 

6. Drawings or sketches, and specifications for the item. 

7. Programmatic ground rules concerning spares, tooling, GSE, GEE, 

etc. 

8. Cost estimate forms and instructions on how? to complete them. 

A kick-off meeting is then held for the purpose of implementing the 
estimate work statement and schedule. Participants at these meetings will 
include representatives of Program Office, Science and Engineering Laboi’a- 
tories and an estimate manager designated from the Cost Analysis Office. The 
objective of the initial meeting is to inform all of the concerned performing- 
organizations of their responsibilities. Estimate input i-equirements are defined 
and target dates are fixed as to v'len such inputs are to be completed and sub- 
mitted to the estimate manager. Subsequent meetings are held if required to 
clarify any open questions and to discuss other aspects of the estimate work 
statement when needed. 

Following these meetings, a plan of action memorandum is prepared and 
distributed to all concerned parties winch formally sets forth the established 
commitment dates for inputs as well as the programmatic assumptions w'hich 
are to be applied. 

The attached data flow charts ( Figs. 2 and 3) illustrate the flov/ of data 
for industrial cost proposals and government cost estimates respectively. The 
functional identifications shown on the chart under the performing organizations 
are typical of the effort performed within the several Science and Engineering 
Laboratories. 

Wherever feasible, the estimate is developed bj? the preparation of a 
process or manufacturing plan. All of the steps required to design, build, test, 
deliver, and operate the item are envisioned, and manhours or manloading are 
provided for each step in each work bi’cakdown structure element. In the 


PIAN OF action 
ME tl'lNG ~ 


All PROPOSAL REOUIRIMENTS 

Nave been identified by the 
PROGRAM MANAGER/ administrator 
AND DEFINITIVE INFORMATION 
RELEVANT TO THE PREPARATION OF 
THE PROPOSAL HAS BEEN MADE 
KNOWN TO CONTRACT PRICING, 

THE RESPONSIBLE PROPOSAL 
ORGANIZATION AND REPRESENTATIVES 
OF FUNCTIONAL DEPARTMENTS. 


ENGINEERING 

ORGANIZATION 


■ASIC design 

A DEVELOPMENT 


MAINTENANCE/ 
SUSTAINING 
ACTIVITIES 
A SERVICES 


INOINIIIINO 
imo 1AIOIA10IV 
OIOANIZAVION 




IHOINIitINO 

PIONNINO 

liVtIW 



INPUT TO 
C0NH4CI 

fllCINC t 

uspoNsiau 

PIOPOSAl 

ORSANIZMION 






LOGISTICS 


ORGANIZATION 


SUPPLY 

SUPPORT 


WAREHOUSE 


PRODUCT MANUALS 
B TRAINING 

— H 

FIELD OPERATIONS 









ioomics 

PIANNIMO 

•IVIIW 

— ►< 

SyOP 

CONTRACT 
PRICING » 
MSPOPiSl&Ll 
PIOPOSAl 
OlOANiZMiON 


manufacturing 

ORGANIZATION 


HARDWARE 
FABRICATION. „ 
MANUFirTURiNo” 

SERVICES 

"DiMENlldNAr 

_ _ 2° 011^0 

7JrAlERIAl'’HANOriNO 

EOUIPMENT 


MANUFACTURING TEST 








INPUT TO 
C0N1RAC1 
PRICING 1 

MANUPACTUIINO 

ADMINIStlATION 

MViCW 

k. .v-^^CfPT -W. 

^ INPUT y/' ^ 

PtOPOSAl 

ORGANIZATION 


MATERIAL 

ORGANIZATION 


BILL OF 
MATERIAL 
COSTS 




.1 





INPUT TO 
CONTRACT 
PRICING 4 
fteSPONilBLC 
PROPOSAL 
OlOANIZAtlON 

MAURIAl 
APMINISTRAIION j 

•IVIIW 1 

l— ►< 

Cl P T . / » t 

S. OF INfUl 

▲ 





QUALITY A RELIABILITY! 
ASSURANCE 
ORGANIZATION 


PRODUCT 

JNSPECTION. 

” oualTty 

ASSURANCE 

rfsT 

inspection 






OUAIITT > 
■ illAllUfV 
ASiUtANCI 
■IVIIW 



INTUI TO 

coNiiAcr 
PAICINO A 
AlSPONSlUl 
PIOPOSAl 
OlOANIZAtlON 




FACILITIES A 
INDUSTRIAL 
ENdiNEERING 
ORGANIZATION 


ENGINEERING 
SPECIAL TEST 
EOUIPMENT 


FACTORY 
SPECIAL TEST 
EOUIPMENT 




PACIUmS A 
INOUStllAl 
INOINIIIINO 
■IVIIW 





INPUt TO 
CONftACT 
PKCINO « 
liSPONSltLI 

PRO^OSAl 

OlOANiZAIlONJ 


A 







S « 

z\ 


JL 


proposal I 

PROGRAM j 
MANAGfA/ j 
AOMINISTKATOI 


I 

*** ■ 

w • 






FOLDODT ERAM^ ) 


WlBCEDlNG PAGE BLANK 


Nor FZUQII 


® vo<m 




















INITIATION 

PHASE 


FOmiLATlON 

PHkSL 


IMPtIMENTATION 

PHASE 


ESTIMATING 

PHASE 


REVIEW PHASE 


PROJECT 

CONTMACTWO 

OFfICCII: 

phocuabrmt 
iMftnt 
ft fiEvm 


• ^ 

• MaMINAflV OftAFT • 
S OF «CUEST FOft FAQ- 
IFOSM. <iF AVAiLABUi: 


fROVIAM/PROJCCT 

OfWE 


FORMUUTION OF 
ESTIMATE 


KICK-OFF 

1 HCJIR AASMATiC 
GPOMORULCS 


GUIUELIHES AND 
GROUNDRULU 


ESTIMATING TEAM 


SCHEDULE FOR ESTIMATE 
PRELIMiNARV DESIGN 
PROGRAMMATIC GROUNDRULtt 
WORK BREAKDOWN ST1IUCTUIIE 
W.B.S DICTIONARY 
MAKE-OR BUV STRUCTURE 
PROGRAM SCHEDULE 


PROJECT OFFICE 
ESTIMATING OFFICE 
OTHER OFFICES 


#lFTHEISTIMATt IS KING GENERATED FOR SOURCE EVALUATION PURPOSES, TWE 
"MANAttMENT REVIEIT IS ESSENTIALLY AN SEB' REVIEW WITH DISTRIBUTION 
LIMITEITO SEB TEAM AND PANELMEMBERS UNTILTHE ESTIMAIE BECOMES NON- 

SENSimL 


OilSINAL PAGB'BI 
)LDoig mAm / f oor QUAiim 



f RIDRDING PAGE BLANK NOT fTLNSQ 


fROJCCT 

tUMAGIMiMT 




RFtKMSIiU 

CCNTER 

CLEMENTl 


H 



RESKMtlFLS 

CENTER 

CLEMENTl 




MANMOUMft 
MATIRIAU 


MANUFACTURING 

A 

TOOLING 





RESKMSIBLE 


MANHOURlMATfAIAU 


MFG A TOOLING 

ELEMENTl 


A lOUlFMENt 




OiJAUrv ASSURANCE 
RELIABILITY A 
SAFETY 


RESFONIIBLS 

CENTER 

ELEMENTl 









MAWNOUm, 
MATERIALi A 


OUAU RtLIAflUTV 
SAFETY RESOURCES 

EOUIFMEMT 


RBVIlW 





RESPONSIBLE 

CENTER 

ELEMENTl 


MANHOURI 


TESTING 

MATERIAUA 

EOUIFMENT 


RESOURCES 

REVIEW 







RE 5 PONSIBU 


MANHOURS. 


LOGIITIGI 

ELEMENTS 


EOUIFMENT 


REVIEW 



■•MMtnDiHiMiiMMMMiMaanMMaMmiiMniMtiBMHiiaMHiMaaHiaMamaMMmMiiMiMiMaMiMN 


XXXXXXX^ 





















ii 


CONSOLIDATION AND RECONClUATION PHASE 


PRICING (r ESTIMATE 
PUBLICATION PHASE 



i 


11 





same manner listings of required materials, supplies, and equipment are pre- 
pared and costs of these items are provided if feasible (if not, the Cost Analysis 
Office, working with the Procurement Office, will provide the material cost 
estimates) . Care must be taken to include all direct charges such as travel 
costs, computer changes, spares, refurbishment, etc. 

The preparation of ”grounds-up” industrial engineering-type estimates 
requires extensive planning, coordination, and interface with many other MSFC 
organizations. In all instances support should be drawn from areas of known 
expertise since estimate quality depends upon the capability to accumulate the 
most professional expert opinion available in the required disciplines. Specific 
input can be obtained from the following MSFC organizations; 

1. Administration and Program Support: 

a. Pricing support can be obtained from the Procurement Office. 

b. Information relating to available Government-owned equipment and 
facilities can be obtained from the Management Division, Logistics Office. 

c. Specific proposed contractual provisions to be included in any result- 
ant EFP and contract which would affect the cost or the format of the cost pro- 
posal can be obtained from the various Procurement Office Contracting Officers. 

d. Packing, packaging, shipping, transportation, and logistics manage- 
ment requirements and costs can be obtained from the Logistics Office. 

e. Facility design and construction, modification, and operations costs 
are provided by the Facilities Office and the Shuttle Construction Office. 

2. Program Offices supply the overall program parameters for program 
implementation. The Program/ Project Managers for MSFC programs and proj- 
ects locate specific expertise within the center for estimate input. Very close 
coordination is required with the requiring organization in developing estimate 
guidelines, work breakdown structures, program assumptions, and estimate 
rationale for the final estimate. Very close and continuous communications 
have been found to be essential between the estimate manager and the program 
personnel to assure that omissions and redundancies are identified and eliminated 
during the estimate development. 

pAGP RT axtt. 

blank Not fumed 
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3. The Science and Engineering Laboratories have provided engineers, 
teclinicians, and other experts for developing manhour and material estimates 
for the functional program requirements. Each estimate developed to date has 
required numerous interfaces with Science and Engineering Laboratory per- 
soimel m clarifying and refining guidelines, assumptions, and manhours or 
material estimates. 

In addition to contributions of Science and Engineering Laboratories in 
estimate development, The Computer Services Office in Administration and 
Program Support provides computational capability which permits rapid com- 
putation of the total estimate from estimate inputs. This program, which is 
being modified and improved as innovative approaches are identified, is 
described in Appendix B. 

A. Completing and Assembling a Cost Estimate 

When all input data are received, the Cost Analysis Office prepares 
an initial accounting tabulation of all the inputs from the contributing labora- 
tories and offices. Following the receipt of all inputed data, the estimate team 
leader or manager takes tlie following steps: 

1. Reviews the input for areas where the input is either not in the proper 
work breakdown order oris nonresponsive to the estimate plan of action. 

2. Reviews the input for duplications, overlappmg effort, and missing 

items. 

3. Reviews the input for adequacy of rationale and validity of techniques 
used by the inputing source. 

4. Confirms material costs through procurement sources. 

5. Calls meetings and arranges interviews as required for obtaining 
further Information and resolution of differences. 

After all inputs and baclmp data are reviewed and analyzed by the Cost 
Analysis Office, the data are assembled and completed by first computing and 
identifying the elements of cost by task on an overall spread sheet. This break- 
down conforms vith the item or task breakdown of the respective work break- 
down structure items. 
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The priced fiscal year spreads are performed by use of the computer 
which stores preestablished rates and factors (Appendix B). 

The summary cost sheets printed by the computer are verified for 
accuracy and then are collated into the formal estimate together with rationale 
statements, work descriptions, work flow diagrams, and drawings as appro- 
priate. Final publication and distribution in a bound report are the responsibil- 
ity of the Cost Analysis Office. The contents and format of a typical cost 
estimate are shown in Figure 4. 

For protection against compromise of sensitive information, procedures 
and controls in the form of locked work areas and locked files have been estab- 
lished within the Cost Analysis Office. Estimates are marked "SEB Sensitive” 
or ’’For NASA Use Only,” depending on the intended use. Inter-office distribu- 
tion of data and final estimates are made on a handcarry basis. These procedures 
are spelled out in an intra-office memorandum. 

Due to the diversity of functions that are associated with the separate 
inputting organizational elements, a complete description of each organizational 
discipline would be too voluminous for this report. However, Appendix C sum- 
marizes some of the fundamental steps employed in the manufacturing estimates, 
which best typify the depth of detail and understanding necessary to a sound 
estimating approach. 

Appendix D provides a selection of worksheets which have been adapted 
for use in accomplishing the submittal of estimate input from the respective 
laboratories and offices. Explanatory notes and functional definitions pertinent 
to the preparation of the forms are also attached. 

B. Follow-up and Tracking After Government Estimate Completion 

For the purpose of maintaining continuity and extending the use of the 
Government estimate, it is planned that a continuing history be maintained on 
each estimate throughout the project life. Such history shall include, but not 
be limited to, the following; 

1. Copy of the completed estimate (preproposal receipt) . 

2. Related baclaip inputs from estimators. 

3. Total cost comparison analysis (Government estimate versus bidder 
proposals) . 
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FORMAT AND C ONTENTS 
OF 


GOVERNMENT ESTIMATE 



PROVIDCS BACKGROUND, OBJECTIVE 
AND ARfUCABILITY Of THE DATA 


ESTIMATING TEAM 
AND OROUNDRULES 


DESCRIBES COMfOSITION OF ESTIMATING 
TEAM AND SETS FORTH GROUNDRULES 
AND ASSUMmONS ON WHICH ESTIMATE 
IS BASED. 


SUMMARY 
COST ESTIMATE 


^rTT 

E ! 


SUMMARY OF TOTAL PROGRAM COST 
BY WORK BREAKDOWN STRUCTURE 


SUMMARY OF COST AT MAJOR WORK 
PACKAGE AND SUBLEVELS OF WBS 
INCLUDING TASK DESCRIPTION AND 
ESTIMATING RATIONALE. 


BY 

ELEMENTS OF COST 


SUMMARIES OF COST OF PROGRAMS 
AT SUBLEVELS OF WBS SHOWING 
FUNCTIONAL COST ELEMENTS. I.E., 
DIRECT LABOR BY CATEGORY, 
OVERHEAD, MATERIAL. AND OTHER 
DIRECT AND INDIRECT COST. 


CONTENTS 


INTRODUCTION 


uusf ESTIMATES BY 
WORK PACKAGE 


INCLUDES COMPOSI'^iON OF RATES 
AND FACTORS BY PROJECTED FISCAL 
YEARS, ECONOMICS. ESCALATION AND 
SOURCES OF RATES. 


INCI 


INCREMENTAL COST 


COST AND PRICING 

^j?rort:no info. 


WHEN APPLICABLE. THIS SECTION 
PROVIDES COMPUTATIONS FOR 
SELECTED INCREMENTS OF PRO 
CUREMENT. 


Figure 4. Format and contents of Government estimate. 
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4. Direct Labor, Overhead and G&A Rate comparison (Government 
estimate versus bidder proposals) . 

5. During the SEB, if pertinent changes are made to the Government 
estimate, a detailed record will be kept of the final updated Government estimate. 

6. Comparative analysis of Most Probable Cost (Government assessment 
of potential bid responses to lowest work breakdown structure level) . 

7. Summary of the basic negotiated cost bj^ woi'k breakdown structure. 
Hours and Total Dollars. 


III. ESTIMATE USES AND BENEFITS 


A number of benefits of peiTorming detailed "grounds -up” estimates 
have been observed and other benefits are postulated to be inherent in the 
estimating process as practiced in performing trial specific estimates. These 
observed and potential benefits are as follows. 

A. Observed Benefits 

1. Pre-RFP Uses . 

a. Cost estimate encourages a disciplined approach to: 

1. Formulation of Work Breakdown Structure. 

2. Orderly, logical, and meaningful descriptions of work breakdown 
structure elements. 

3. Layout of total program approach and plans. 

b. The cost estimating activity identifies and assembles Center expertise 
to estimate and to support functional areas. 

c. Estimates demand an analytical process in program definition and 
planning. 
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d. Estimates result in the identification of areas requiring specific 
treatment in subsequent RFP’ s. 

e. Familiarity developed through planning- for and making the estimate 
provides detail which is transferable to the source selection process. 

f. The estimating process encourages and requires individuals who vdll 
be managing- the program to develop a more thorough laiowledgc of the project 
being estimated. 

g. A completed cost estimate aids in making Government make-or-buy 
decisions. 

2. Source Evaluation and Selection Uses . 

a. Cost estimate serves as an established baseline for comparison of 
proposals. 

b. Estimating process forces consideration of alternatives in: 

1. Scheduling of acthdties, 

2. Funding requirements. 

3. Investment analysis. 

4. Malm-or-buy structure. 

c. Comparison of estimate vdth proposals identifies ”buy-ins" and 
facilitates an in-depth restructuring if costs appear unrealistically low. 

d. Development of a cost estimate establishes conipatible formats for 
comparative analysis of proposals dovm to the lowest work breakdown structure 
level. 

• e. A Government estimate supports presentation to and selection l?y the 
administrator (source selection official). 

f. An estimate contributes to establishing a tenable prenogotiation 
position. 
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B. Potential and Achievable Benefits 

1. Negotiation Uses. 

a. Government estimating process establishes a comparative baseline 
for in-depth evaluation of selected proposal. 

b. The estimate provides a baseline for establishing Performance 
Measurement System (PMS) parameters. 

c. Existence of a Government estimate permits rapid identification of 
contractor proposal/ estimate variances. 

d. Existence of an estimate permits elimination of extensive detailed 
work in areas of agreement, thereby reducing negotiation time for contractor 
and MSEC through rapid comparison. 

e. A cost estimate provides means of determining validity, increased 
confidence, and realism in detailed negotiations for each element of work. 

f. Preparation of a cost estimate improves basis for incentive-fee 
construction. 

g. Use of an independent estimate assists in establishing funding levels 
for realistic performance. 

h. The estimate provides basic imderstanding of proposal discrepancies 
and provides a means of making credible adjustments. 

i. An adjusted Government estimate provides a baseline for estimating 
the cost of change in the programs as the programs progress. 

2. Contract Management Uses . A cost estimate: 

a. Establishes documented bases for: 

1. PMS comparisons 

2. Assessment of progress 

3. Possible termination settlements 

4. Estimation of changes throughout the life of the contract. 
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b. Quantifies alternative impacts of changes (provides a basis for pro- 
grammatie cost trade-offs and decisions) , 

c. Structures and correlates both contractor and Government performance 
tracking measures. 

3. Uses in Program Management . The use of a Government estimate: 

a. Contributes to development of data bank (base) for better future 
estimates. 

b. Rationalizes program planning and improves information for decision- 
malting by: 

1. Identification of possible alternatives 

2. Quantification of consequences of selecting each alternative. 

c. Permits increased simplicity and more meaningful presentation of 

data. 

d. Helps police cost consciousness in program formulation and 
implementation. 

e. Can contribute to confidence in program managers' decisions thereby 
fostering more aggressive management. 

IV. SUMMARY AND CONCLUSIONS 

The preparation of detailed industrial engineering type, manhours and 
materials cost estimates and the use of these estimates in trade-off studies, 
budgeting, source evaluation, and procurement has resulted in significant 
benefits to the using organization in understanding a project, in budgeting for the 
project, and in selecting an approach and a contractor which is most likely to 
be cost effective. The effort put into the preparation of cost estimates has 
proven to be well justified when the perceived benefits are evaluated. Adherence 
to the techniques descx'ibed in this report, while not necessarily a guarantee of 
success, will enhance the using organization’ s ability to plan and to perform a 
project within its estimated resources. 
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APPENDIX A 


TYPICAL WORK BREAKDOWN 
STRUCTURE DICTIONARY 


1.4.0 


PCX PROJECT 


This overall category includes the total complex of labor, travel 
expenses, services, materials, tooling and equipment, facilities, prime con- 
tracting and subcontracting required for the concept selection, design, develop- 
ment, manufacture, assembly, testing, modification (in the case of the DDT& E 
vehicle) , checkout, preparation to ship to KSC or WTR, transportation, pre- 
paration to launch, laimch, flight operations, recovery, and refurbishment in 
preparation for a second launch. Subordinate element descriptions indicate 
specific inclusions and exclusions in this summary category. 

1.4.1 PROJECT MANAGEMENT 

This includes the overall administrative effort of planring, organizing, 
coordinating, directing, controlling, and approving which is required to accom- 
plish the program objectives. Checking out the vehicle prior to release from 
the manufacturer is also included, principally because many organizational 
elements are involved. This element is subdivided as shown on WBS Sheet 1. 
These subelements are defined below: 

1. 4,1.1 COST CONTROL MANAGEMENT 

This refers to those activities which assure the integrated planning, 
scheduling, budgeting, work authorization and cost accumulation of all tasks 
performed during the PCX program. It provides project performance planning, 
including preparation and maintenance of the Project Management Plan, project 
schedules, resource status reports and cost forecasting. Also included are the 
establishment of project performance criteria, the control of change parameters, 
and the analysis and summary of measurement data. Continuous monitoring of 
all functional management disciplines is provided for central direction and con- 
trol of the overall project, including timely resolution of problem areas to 
insure that established schedules are met. Establishment, operation, and 
maintenance of a Management Information Center is a portion of this element. 
Other task elements include interface with the cognizant customer, contract 
and proposal administration, and visitation control. 

Specific Inclusions: 

1. Updating of the Work Breakdown Structure Dictionary. 

2. Preparation and maintenance of a cost distribution section in 
the Financial Management Office coding system. 
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3. Monitoring of all laboratory budget allocations. 

4. Maintenance of surveillance of cost accounts in order to assure 
reasonably accurate accrued charges. 

5. Identification of technical performance measurement parameters 
and values, and technical achievement planning including preparation, submittal, 
and maintenance of a Technical Performance Beport. 

1 . 4. 1 . 2 LOGISTICS MANAGEMENT 


This element provides the effort to implement, operate, and main- 
tain a logistics management for support of the PCX and its related ground 
equipment. Included in this element are the preparation and maintenance of 
the following documents: 

1. Systems Support and Logistics Plan 

2. Recommended Spare Parts List 

3. Maintenance Analysis 

4. Analysis of Support Requirements 

Other examples of policy and procedures generated by this WBS element are: 
Spares Management 
Liventory Management 
Repair and Overhaul Policy 

Propellant and Gasses ( Forecasts and Usage Reports) 

Warehousing and Storage Policy 
Transportation Analysis and Planning 
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Specific Exclusions ; 


Those operating functions relating to implementing policy and 
procedures set by Logistics Management are covered by WBS 1. 4. 4. 5, Logistics 
Support. 

1 . 4. 1. 3 PROCUREMENT MANAGEMENT 


Management and technical control of interdi visional work, subcon- 
tractors and vendors are provided by this element. Tasks included are the 
providing of contractural direction to other divisions, subcontractors and 
vendors; authorizing subcontractor tooling and equipment; analyzing subcon- 
tractor reports; conducting subcontractor and vendor reviews; and on-site coor- 
dination and evaluation of procurements. Also, included are the maintenance 
of records and submission of required reports relating to the geographic dis- 
persion of minority and small business participation in procurements. 

Specific Inclusion ; 

Coordinate and review all vendor data, maintain vendor data specifi- 
cation, and maintain vendor technical data file. 

Specific Exclusions ; 

1. Responses to vendor inquiries concerning changes to, deviation 
from, or interpretation of design or other requirements is included in the 
appropriate hardware or service element. 

2. Establishment of supplier performance measurement criteria 
and survey of vendor facilities, and procedures to determine adequacy are 
included imder the Management elements of Cost Control, Quality and Reliability 
Assurance, and Safety respectively. 

1.4. 1.4 CONFIGURATION MANAGEMENT 

This element provides a system for defining the hardware and soft- 
ware configurations at any point in time throughout the project life cycle. This 
system provides identification of configuration baselines; and a progressive 
verification that the as-built configuration agrees with the current baseline or 
that differences are identified. Included in this element are the tasks associated 
with preparation, maintenance, and submittal of the following: 
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1. Configuration Management Plan 

2. Configuration Status Accounting Report 

3. Configuration Baseline Document(s) 

4. As-Built Configuration Report 

5. Engineering Change Proposals and Requests 

Also included are establisliment, implementation, and maintenance of specifica- 
tion formats; end-item selection criteria; and procedures for control and 
accounting of configuration and changes. Provisions for design support, con- 
ducting design reviews, audits and analyses and Class II change control are 
included in the element. Participation in configuration verification to support 
CEI acceptance and configuration inspection are also covered. 

1.4. 1.5 INFORMATION MANAGEMENT 

This element refers to the overall management process and activ- 
ities required to ensure proper information control. Services ai’e provided to 
identify, control, and monitor the preparation of and maintain status of the 
documentation for the PCX project. Establishment, implementation, and 
maintenance of the Data Management Plan and procedures are part of this ele- 
ment. Monitoring and preparation of data required by the appropriate Task 
Agreement are included in this element together with submittal of the data as 
required. Acquisition of data from subcontractors and vendors is also included. 
Preparation, maintenance, and submittal of the Data Schedule and Status Report 
and Accession List are parts of this element. Establisliment, operation, and 
maintenance of a project level information file are also included. Efforts asso- 
ciated with data acquisition, reproduction, and dissemination required by S&E 
for proper management, control, and definition of the PCX project are included 
in the appropriate WBS elements. Any audio-visual and photography support and 
training presentations are also included under the appropriate WBS elements. 

1.4. 1.6 QUALITY AND RELIABILITY ASSURANCE MANAGEMENT 

This element covers those efforts associated with the establishment, 
implementation, and maintenance of a quality and reliability assurance activity 
in order to provide quality hardware through systematic procedures, training, 
analysis, review, and assessment. It includes the development and implementa- 
tion of plans, requirements, procedures, and controls; design participation; 


25 


quality audits; identification and data retrieval; quality control procurement 
related activities; nonconformance reporting and disposition; metrology; stamp 
controls; laboratory test support; packaging handling and storage related activ- 
ities; establishment and monitoring of a Failure Mode and Effect Analysis 
policy; statistical analysis; Government property control; and flight test/ ground 
operations related activities. This element will prepare, submit, and maintain 
the Reliability Program Plan and the Quality Control Plan. Training of quality 
personnel is included under this category. 

Specific Exclusions ; 

1. Those engineering oriented quality, reliability, and safety activ- 
ities specifically included under 1.4. 2. 2, PCX, Analysis and Integration. 

2. Implementation of the plans prepared by this element are included 
under 1. 4. 2. 2, PCX, Analysis and Integration. 

3. Quality control inspections are charged under the applicable 
hardware oriented WBS elements. 

1. 4.1.7 SAFETY MANAGEMENT 

This element covers items required in the definition, direction, and 
monitoring of a safety program that will assure the development of a safe product, 
prevent accidents and incidents, and minimize hazards to personnel and property. 
Safety will be an integral part of design, development, manufacturing, testing, 
handling, storage, and operation. This will be accomplished through training, 
analysis, safety program assessments; preparation of Project Hazard Summary; 
development and implementation of procedures, controls, reviews, audits, 
safety analysis, design participation; and a Safety Plan which covers the safety 
program and how it will be implemented. 

Specific Inclusions ; 

1. Safety training exercises. 

2. Periodic reporting, auditing, certification, working group 
meetings, and accident investigation. 

3. Review of all designs and procedures for compliance with 
established safety requirements. 
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Specific Exclusions: 


1. Labor and materials used in the making of signs or training aids 
are charged to the specific hardware WBS element. 

2. Implementation of safety programs and practices that can be 
identified with specific Level 6 WBS items. 

1.4.1. 8 PROJECT DIRECTION 

This function integrates the Level 5 elements defined above, while 
providing day-to-day management direction of the PCX activities. Specifically 
excluded are activities of higher management and staff work. Management 
activities identifiable with single Level 5 Project Management elements or 
specific hardware items are included in those items. 

1.4. 1.9 CHECKOUT 

Included are those quality and manufacturing operations required 
from the time of final assembly until the vehicle is enroute to KSC or Western 
Test Range. 

Specific Inclusions ; 

1. The final acceptance tests that confirm that the PCX systems 
will perform in accordance with engineering documentation, that the system 
meets all design criteria, that all specified operating parameters are within 
tolerance, and that the system will interface physically and functionally with 
all flight and ground support equipment items are required, 

2. Tool liaison and maintenance during checkout. 

3. Final vehicle weighing, including preparation, maintenance, and 
submittal of a final vehicle weight report. 

4. Data reduction and analysis. 

5. Alignment. 

6. Operations required to prepare the vehicle for shipment, 
including removal of appropriate hardware, installation of protective equipment 
and covers, packing, and crating. 
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7. Preparation of form DD- 250, Materials Eeceiving and Inspection 

Report. 

8 . Storage of the vehicle between checkout and transportation to 
KSC or Western Test Range, 

Specific Exclusions ; 

1. Final assembly is included imder Integration, WBS numbers 
1.4. 3.1.6; 1.4, 3. 2. 5; 1.4, 3. 3,7 and 1.4. 3.4.4. 

2. Installation of pyrotechnic devices, if any, are covered under 

WBS 1. 5. 


3. Preparations for launching at KSC or Western Test Range are 
covered imder Launch Support. 

4. Acceptance testing of hardware at Levels 5 and below before 
final assembly is covered under the specific hardware element. 

1.4.2 SYSTEMS ENGINEERING 

This summary element deals with the application of scientific and 
engineering endeavors toward the planning and control of a totally integrated 
PCX project. The work, involving more than one Level 5 WBS element, 
includes (l) transformation of an operational need to a description of perform- 
ance parameters and a configuration through an iterative process of definition, 
S5mthesis, analysis, design, test, and evaluation; (2) integration of related 
technical parameters in order to assure compatibility of all physical, functional, 
and program interfaces in a manner that optimizes the total project definition 
and design; ( 3) integration of maintainability, producibility, and human factors 
into the total engineering effort; and (4) technology utilization. The three sub- 
elements as listed on WBS Sheet 1 are defined below. 

Specific Inclusions; 

1. An especially important requirement of Systems Engineering 
is materials and processes investigations that span more than one Level 6 
hardware element. Facets of this area are composite materials, metals, non- 
metals, processes, and compatibility of materials. 
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2. Provision of a traceability of significant engineering decisions 
and the rationale upon which the decisions were based. 

3. Assurance that engineering decisions on design alternatives 
consider a system/ cost effectiveness analysis based on merit, performance 
parameters, and available resources. 

4. Mission concepts and analysis, including PCX/ Shuttle and 
PCX/ Payload interface trades; and PCX timelines, delta velocities, and payload 
placement accuracies. 

5. Monitoring the conduct of the technical program. 

6. Provision of a systems engineering management plan for satisfy- 
ing the systems engineering objectives. 

7 . Preliminary Design Reviews (PDR* s) , Critical Design Reviews 
( CDR’ s) , Flight Readiness Reviews ( PRR^ s) , and Production Configuration 
Audit (PCA) , which pertain to combinations of two or more subsystems (for 
example , subsystem interface reviews) . 

8. Technical risk assessment to identify potential major problems. 
Development and maintenance of hazard tracking and reporting system. 

9. Integration of test results and analyses into system design. 

10. Review of specifications and procedures. 

Specific Exclusions ; 

1. Engineering efforts (for example, Test Plans, Specifications, 
and Design Reviews) directed toward specific WBS elements are charged to 
those elements. 

2. Hardware item redesign required because of problems identified 
during design reviews are included under the specific WBS element. 

3. Materials and processes investigations relating to one Level 6 
hardware item are included in that particular element. 
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1 . 4. 2. 1 INTEGRATION WITH SPACE SHUTTLE 


This element represents that portion of systems engineering as 
defined in 6. 2 that pertains specifically to the PCX/ Shuttle interface. 

Specific Inclusions ; 

1. Participation in system analysis, design, and test and evaluation 
to ensure the efficient integration of the PCX into the Space Shuttle System. 

2. Activities to implement and maintain a system of integrating the 
PCX-to-Shuttle design. 

3. Overall integration with NASA and Space Shuttle contractors. 

4. Preparation, submittal, and maintenance of Interface Control 
Documents (ICD* s) between the PCX and the Shuttle. 

5. Test integration and preparation, submittal, and maintenance 
of the Test Plan, and instrumentation and measurement lists. 

No Specific Exclusions . 

1.4. 2. 2 PCX ANALYSIS AND INTEGRATION 

This Level 5 element covers all that portion of Systems Engineering 
as defined in 6. 2 pertaining to the PCX Vehicle and the PCX/ Payload interface 
from preliminary design through checkout. The Level 6 elements are (l) Mission/ 
Operations Requirements Analysis, (2) System Requirements Analysis, (3) Sys- 
tem Verification, (4) System Requirements Control, and (5) Vehicle Integration. 
Details of these are; 

1. Mission/ Operation Requirements Analysis 

A. System Mission/ Operations Analysis defines the operational 
requirements of the PCX Systems and Groimd Support Systems. 

B. Groimd Operations Timelines will be prepared to define the 
sequence and duration of the pre-flight phase events until Shuttle launch. The 
phases covered are pre-laimch, launch, and post-launch. These timelines 
provide data for PCX support systems design and for reliability analysis. 
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C. Flight Operations Timelines define the sequence and duration 
of the flight phase events. These mil lead to the definition of flight sequence 
requirements and will be utilized for reliability and failure effects analysis. 

D. Contingency Analysis will be performed to define the param- 
eters to be utilized as cues for off-nominal PCX operations and to define the 
actions to be taken in case of abnormalities during pre-launch and flight phases. 

E. Pre-Launch PCX Systems Integrity Verification Analysis 
will be conducted to define the parameters and the limits of these parameters 
to ensure PCX Systems integrity prior to the launch of the PCX. The task will 
also define whether the parameters are automatically verified or verified by an 
observer. 

F. Fleet Size Analysis —• The PCX mission model, on orbit 
stay time and groimd turn-around times, will be modeled to define the PCX 
fleet size required during the PCX operational phase. 

G. Various other analyses that are included are consumables 
analysis, power profiles, payload deployment event timelines, capture analysis, 
launch rates, reference mission profiles, trajectory analysis, minimum duration 
deployment analysis, analysis of servicing satellites on-orbit, retrieval capa- 
bility analysis, desigTi reference trajectory analysis, functional flow diagrams, 
and abort capability analysis. 

2. Systems Requirements Analysis involves the following analyses 
and functions ; 

A. Vehicle sizing analysis which is utilized in determining 
optimum performance. 

B. Control, loads, and thermal analyses which will establish 
structure and subsystem requirements. 

C. Identification of requirements for ground support operations, 
eqvdpment, and facilities in support of the flight system. 

D. hicorporation of safety, reliability, and quality requirements 
generated under WBS 1. 4. 1. 6 and 1. 4. 1. 7 into the system and end-item specifi- 
cations, interface control documents, and PCX subsystem requirements hand- 
books, and the establishment of a requirements baseline based on these 
documents . 
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E. Consolidation of the subsystem requirements in the require- 
ments handbooks for use by the designers and for the ensurance of compatibility 
of the subsystem interfaces. 

F. Preparation of the technical portion of the procurement 

packages. 

G. Preparation, submittal, and maintenance of an Engineering 
Program Plan providing planning and control of all engineering and development 
tasks. 


H. Configuration trade studies and design definitions. 

I. Performance of various other analyses: mass properties, 
induced environments, and subsystem requirements. 

3. System Verification consists of the establishment of test require- 
ments and integration, definition of requirements for a certification program, 
assessment of the design definition and test data to verify that the requirements 
have been met by the defined system. Anal 5 d;ical verification and certification 
status are also included. 

4. System Requirements Control is composed of the following 

aspects : 

A. Preparation and maintenance of the Teclinical Plan. 

B. Engineering Change Control. 

C. Support to Cost Control Management. 

D. Technology Utilization. 

E. Preparation and Maintenance of Specifications. 

F. Preparation, coordination, and support of Interface Control 

Docmnents. 

G. Procurement Specification formulation. 
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5. Vehicle Integration covers those efforts directed toward 
assembling the Level 5 hardware systems into a PCX veMcle or test article, 
Those overall integration endeavors outside the scope of the WBS elements 
1.4. 3.1.6, 14.3.2.5, 1.4. 3. 3.7, and 1. 4. 3. 4. 4 are included. 

Specific Inclusions: 

1. Provision of engineer’ing support to manufacturing during hard- 
ware build, including assistance in performance trades. 

2. Preparation, submittal, and maintenance of the PCX Pre-La\mch/ 
Post- Landing Operations Analysis document. It provides a logical functional 
flow of the activities of the PCX from factory through pre-launch. The analysis 
also includes event sheets wliich describe or summarize the individual events 

in the functional flow, and also identifies requirements for ground support 
equipment, handling hai’dware, transportation equipment, etc. , to support the 
activities of each event. This activity relates to aspects of WBS 1. 4.4. 3, 
Transportation; 1.4.5, Vehicle Tests & Operations; and 1.4. 1.9, Checkout. 

Also, the necessary documentation required to support each activity is identified, 
such as: 

A. Interface Control Documents (iCD’s) 

B. Test and Checkout Documents 

C. Composite Mechanical Schematics 

D. Others, as applicable 

3. Integrating Pailure Mode and Effect Analysis on hardware and 
systems w^hich effect launch and mission, including preparation, maintenance, 
and submittal of data required. 

4. Implementation of the Safety Program Plan, the Reliability 
Program Plan, and Quality Control Plan. 

5. Review of all designs and procedures for compliance udth human 
engineering requirements. 
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6. Developing and maintaining the necessary training requirements 
for engineering, fabrication, test, procurement, reliability and quality assurance 
and other personnel who may have an effect upon, or who are responsible for, 
the determination of reliability or quality, 

7 . Activities to determine and control the weight of the PCX sub- 
systems, and components, including the preparation and submittal of required 
mass properties reports. 

8. Provide in-scope basic design maintenance for Flight Test 
hardware. Maintenance shall include in-scope changes identified by factory 
and field liaison calls and engineering evaluation in the course of checkout, 
launch, and flight operations. 

9. Establislim.ent and control of an Electromechanical Interference 
Control Plan. 

10. Standards and calibration services. 

Specific Exclusions ; 

1. Provision of ICD’ s between the PCX and the Shuttle is covered 
under 1.4. 2. 1. 

2. Performing parts selection and control of electronics, electrical, 
and mechanical parts, including preparation, maintenance and submittal of data 
required. This activity is covered by the individual Level 6 WBS elements. 

3. Preparing, maintaining and updating equipment logs for each 
subsystem and system as a means of documenting its liistory, including pre- 
paration and submittal of the data required. This is included mider each Level 
6 WBS element. 

1.4. 2. 3 CONTINUING ENGINEERING 

This Level 5 subelement of Project Engineering covers all sustaining- 
engineering support of the PCX Project after the completed PCX stage has been 
assembled and checked out. Sustaining tooling engineering effort is included. 
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specific Inclusions ; 


1. Design, development, test, and analysis; tool design, fabrication, 
and maintenance; manufacturing of detail parts, components, assemblies, and 
subassemblies; support to reliability and safety; inspection; and the procurement 
activities to provide the lower level elements for Installation and integration into 
the PCX. 


2. Test and support articles. 

3. Design and fabrication of specified models relating to this 

System. 

4. Fabrication of spare parts in support of the test units. 

5. Tooling and fabrication efforts required to install wiring harnesses, 
conduits, plumbing assemblies, ducting, and attachment provisions. 

6 . Quality control and reliability inspection, including suppliers’ 
source inspections. 

7. Fabrication, repair, and overhaul of spare parts in support of 
operational flights. 

8 . Sustaining engineering that can be identified with a single WBS 

element. 

Specific Exclusions ; 

1. Checkout of the fully assembled PCX is covered by 1.4.1. 9. 

1.4.3 PCS VEHICLE 

This summary element comprises the design, development, pro- 
curement, manufacturing, testing, quality control inspection, safety, tooling, 
checkout of Level 3 and lower elements, and rework required in order to 
produce a complete PCX with its full complement of spares. Levels 5 and 6 
elements are listed on WBS Sheet 2, and defined below. Facilities are covered 
under WBS 1.4.4. 2. 
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1 , 4. 3. 1 STRUCTUKAL SYSTEM 


Tills element refers to the assembled structural and aerod 3 niamic 
components of the PCX, integration of the Level 6 elements together and inte- 
gration of structural system into the PCX vehicle, and support of major vehicle 
tests and laimch support. Included is the effort required to monitor the in-scope 
engineering design changes for producibility, to establish the incorporation 
points and prepare advanced planning instructions, process plans, log changes, 
tool orders, tool drawing for new or changed tools, the liaison and tool fabrica- 
tion effort. This also covers the preventive maintenance, calibration, improve- 
ment and periodic inspection of tooling, tool control and storage, and the mainte- 
nance of tooling and planning files. Level 6 elements are listed on WBS Sheet 2. 

1. 4. 3. 1. 1 PROPELLANT TANKS 

This element covers the sti'uctural details and structural subassem- 
blies of the propellant tanks. It encompasses subordinate features such as 
necessary frames and struts; multilayered insulation including purge bag, 
reflector, separator, face sheets, studs and fastener (adhesive); baffles; level 
sensor support structure (if required); basic tank shells; feedline support 
structures; manhole covers; access doors and lesser openings; attach mechanisms 
for wiring and other such provisions; and mounting devices for propellant lines 
and pumps. 

Specific Inclusions; 

1. Detail design and analysis, including preparation, mamtenance, 
and submittal of drawings and Teclmical Studies and Analyses. 

2. Tool engineering, tool manufacture and associated manufacturing 
aids, including preparation and maintenance of Tool and Fixture Drawings. 

3. Detail manufacture and associated support activities, including 
quality control and the preparation and maintenance of Manufacturing Planning 
Data, and Manufacturing Specifications and Procedures. 

4. Procurement of material and services, including supplier non- 
recurring and recurring costs. 

5. Joining of subordinate elements listed in previously mentioned 

definition. 
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6. Details and subassemblies for development test, qualification 
test, and production. 

7. Development and qualification test fixtures, tests, test rigs, 
test set-ups and instrumentation in support of the test. Also includes the pre- 
paration, maintenance, and submittal of Test Procedures , Test Reports, and 
Qualification Status Reports. 

8. Tool liaison and tool maintenance during production and test. 

9. Subsystem models. 

10. Manufacture of spares and repair parts in support of production 

and test. 

11. Materials research and analysis. 

12. Design, fabrication, and test of spare parts in support of the 
operational flights. 

1. 4.3.1. 2 THRUST STRUCTURE 

This Level 6 element is composed of all structural members and 
subassemblies comprising the interface and between the main shell and the 
engine. It includes fiberglass lay-ups, thrust struts, engine mounting provisions, 
feedline supports, actuator attach points, and mounting supports for engine fluid 
and electrical interface lines, cables, and couplings. 

Specific Inclusions and Specific Exclusions ; 

Refer to 1. 4. 3. 1. 1 
1.4. 3. 1.3 MAIN SHELL 

This element is the principal structural entity upon which the 
propellant tanlcs moimt. It consists of the shell structure, manipulator attach 
points, and support bracketry for the feed system, vent system, pressurization 
system, electrical cabling and avionics components, access ports, and stage- 
side umbilical s. 
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Specific Liclusions and Exclusions ; 


Refer to 1.4. 3.1.1 

Excluded are any materials bonded to the main shell for the purpose 
of dampening heat caused by impingement of effluent from the APS. 

1.4. 3.1.4 SPACE SHUTTLE INTERFACE STRUCTURES 

This element covers the structural portion of the forward support 
cradle and the aft adapter ( support skirt) situated between tl^e PCX stage and 
the Space Shuttle. Excluded are electrical, propulsion, and mechanical aspects, 
which are inckided under WBS elements 1. 4. 3. 2, 1. 4. 3. 3, and 1. 4. 3. 4 
respectively. 

Specific Inclusions and Exclusions; 

1. 4.3.1. 5 MICROMETEOROID PROTECTION 

This item is comprised of any special micrometeoroid protection 
that may be deemed necessary beyond that provided by the main shell and the 
multilayei’ed Insulation. 

Specific Inclusions and Specific Exclusions ; 

Refer to 1. 4. 3. 1.1 

1.4. 3.1.6 INTEGRATION 

This element covers assembling Structural System and its subele- 
ments into the PCX Veliicle, and testing the assembled system. 

Specific Inclusions ; 

1. Detail design and analysis, including preparation, maintenance, 
and submittal of installation and final assemblj^ drawings and Teclmical Studies 
and Aialyses. 

2. Tool engineering, tool manufacture and associated manufacturing- 
aids required for the installation, mating and in-process checldng. 
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3. Fabrication and installation of simulated parts, components, or 
assemblies necessary to later installation or mating operations, including pre- 
paration and maintenance of Manufacturing Planning Data, and Manufacturing 
Specifications and Procedures. 

4. Interface Alignment Docximentation. 

5. Inboard profile drawings. 

6. Quality Assurance effort consists of performing inspection 
verification during installation and mating of structural assemblies, systems, 
and interfacing checks. Nondestructive evaluation inspection, such as X-ray, 
is included as is verification of cleaning process controls, and component 
closeout. 


7. Procurement of material and services, including supplier non- 
recurring and recurring costs, required to support installation. 

8. Inprocess verification test of subsystems during installation. 

9 . Tool liaison and tool maintenance during mating and final 

assemblyr, 

10. Mating of all Structural System elements. 

11. Data reduction and analysis. 

12* Analysis of all thermal control systems relating to the Structural 

System. 

1 3. Design and development of any active thermal control systems , 
such as radiators, that pertain to the Structural System. 

1.4. 3. 2 AVIONICS SYSTEM 

This element refers to those electrical/ electronic subsystems 
winch provide electrical power, navigation, guidance and control, telecom- 
munication instrumentation, data management, tracking and command, and 
systems integration functions to the PCX. Any required thermal conditioning 
relating to an Avionics Level 6 element is included in that element. It includes 
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the effort required to monitor the in-scope engineering design changes for 
producibility, to establish the incorporation points and prepare advanced 
planning instructions, process plans, log changes, tool orders, tool drawings 
for new or changed tools, the liaison and tool fabrication effort. This also 
covers the preventive maintenance, calibration, improvement and periodic 
inspection of tooling, tool control and storage, and the maintenance of tooling 
and planning files. Umbilical disconnects and actuators are covered under 

1. 4. 3. 4. 1 and 1. 4. 3. 4. 3. Level 6 elements listed on WBS Sheet 2 are defined 
below. 

Specific Inclusions ; 

1. Design, development, tost, and analysis; tool design, fabrication, 
and maintenance; manuiacturing of detail parts, components, assemblies, and 
subassemblies; support to reliability and safety; inspection; and the procurement 
activities to provide the lower level elements for installation and integration 
into the PCX. 

2. Test and Support articles. 

3. Design and fabrication of specified models relating to this 

system. 

4. Fabrication of spare parts in support of production and test. 

5. Tooling and fabrication efforts required to install wiring har- 
nesses, conduits, pliunbing assemblies, ducting attachment px’ovisions. 

6. Quality control and reliability inspection, including suppliers’ 
source inspections. 

7. Fabrication, repair, and Overhaul of spare parts in support of 
operational flights. 

8. Preparation, maintenance, and submittal of the Development 
Flight Instrumentation ( DFl)/Data Source Definition Document. 

Specific Exclusion ; 

Checkout of the fully assembled PCX is covered by 1. 4. 1. 9. 
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1. 4. 3. 2. 1 ELECTRICAL POWER 


This Level 6 element refers to those equipments which generate, 
condition, control, and distribute electrical power throughout the PCX. It 
includes fuel cells, batteries, voltage sensors, connectors, static inverters, 
power amplifiers, power conditioner, distribution, switching elements, and 
wiring. Electrical power from the PCX to the Shuttle is covered herein to the 
interfaces of the disconnects. 

1.4. 3. 2.2 NAVIGATION. GUIDANCE AND CONTROL 


This Level 6 element includes the star tracker, horizon sensor, 
inertial measuring unit, platform, gyros, accelerometer, rate stabilization 
system, attitude control equipment, rendezvous and docldng equipment, data 
acquisition, teleoperation, as well as navigation, guidance and control analysis, 
and flight dynamics. Actuators are included under 1. 4. 3. 4. 3. 

1.4. 3. 2. 3 DATA MANAGEMENT AND PROCESSING 

This Level 6 element consists of a computer, data storage, data 
bus, data terminals, computer operations, data processing and software. 

1.4. 3. 2.4 INSTRUMENTATION AND COMMUNICATION 

This Level 6 element covers the development and operational flight 
instrumentation and communication systems including establishment of detail 
requirements. It includes measuring equipment, signal conditioning, instru- 
mentation sensors, digital IF miits, transmitter, transponder, antennas, 
multiplexer, camera lights, relay assemblies, malfunction detection package, 
cable harnesses, rate pulse beacon, command control receivers, imaging 
devices (for example, TV) and transducers not readily identifiable with another 
Level 6 item. 

1.4.3. 2. 5 INTEGRATION 

This covers all work relating to incorporating the Avionics System 
Level 6 hardware elements into the PCX Vehicle, and testing the System. 
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Specific Inclusions; 


1. Detail design and analysis, including preparation, maintenance, 
and submittal of installation and final assembly drawings and Te clinical Studies 
and Analyses. 

2. Tool engineering, tool manufacture and associated manufacturing 
aids required for the installation, mating and in-process checking. 

3. Fabrication and installation of simulated parts, components, or 
assemblies necessary to later installation or mating operations, including pre- 
paration and maintenance of Manufacturing Planning Data, and Manufacturing 
Specifications and Procedures. 

4. Quality Assurance effort consists of pei-forming inspection 
verification during installation and mating of Avionics System assemblies, 
electrical systems, and interfacmg checks. Nondestructive evaluation inspec- 
tion such as X-Pay are included as is verification of cleaning process controls, 
proof pressure and lead checks, component closeout, continuity and megger 
checks. 


5, Procurement of material and service, including supplier non- 
recurring and recurring costs, required to support installation. 

6, In-process verification test of subsystems diunng installation. 

7 . Tool liaison and tool maintenance during mating and final 

assembly. 

8. Mating of all Avionics System elements. 

1.4. 3.3 PROPULSION SYSTEM 

Tills Level 5 Summary category is comprised of those elements that 
px'ovide impulse for translation and attitude control for the PCX when it is acting 
independently of the Shuttle. Also covered is thermal conditioning of propulsion 
elements. The I.evel 6 elements shown on WES Sheet 2 ai’O defined below. 
Actuators are eovered under 1. 4. 3. 4. 3. 
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Specific Inclusions; 


1. Design, development, test, and analysis; tool design, fabrication, 
and maintenance; manufacturing of detail parts, components, assemblies, and 
subassemblies; support to reliability and safety; inspection; and the procurement 
activities to provide the lower level elements for installation and integration into 
the PCX. 

2. Test and support articles. 

3. Design and fabrication of specified models relating to this 

system. 

4. Fabrication of spare parts in support of production and test. 

5. Tooling and fabrication efforts required to install wiring har- 
nesses, conduits, plumbing assemblies, ducting, and attaclnnent provisions . 

6. Quality control and reliability inspection, including suppliers’ 
source inspections. 

7. Fabrication, repair, and overhaul of spare parts in support of 
operational flights. 

8. Valve actuators are included. 

Specific Exclusion ; 

Checkout of the fully assembled PCX is covered by 1. 4. 19. 

1.4. 3. 3.1 MAIN ENGINE 

This Level 6 item covers that device which imparts the basic thrust 
to the PCX Stage. Gimbals and thermal control are included. Should a two- 
position nozzle be adopted, it is also included in this element. 

1. 4.3.3. 2 PROPELLANT FEED 

This Level 6 element is comprised of all lines, valves, ducts, 
bellows, and other components that transfer the main engine oxidizer/ fuel from 
the tanks to the main engine. Attendant thermal conditioning is excluded, being 
covered by Thermal Conditioning, 1. 4. 3. 3. 6. 
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1 . 4. 3. 3. 3 MAIN TANK PRESSURIZATION AND VENT 


This Level 6 element is composed of all lines, valves, ducts, bel- 
lows, and other components that take pressurization gasses from the engine 
to the main fuel tank, and the lines, valves, ducts, bellows, storage tank, and 
other components which provide pressurization gas to the fuel tanks. Also 
covered are those components that carry pressurization gas for dumping 
overboard. 

1 . 4. 3. 3. 4 MAIN TANK FILL AND DRAIN 


This Level 6 element covers all lines, ducts, valves and other 
components required to fill and drain the main propellant tanks. Dumping- 
provisions are also covered, although a major portion of the lines may remain 
in the Space Shuttle during PCX flights. 

1.4. 3. 3. 5 AUXILIARY PROPULSION 

This Level 6 element in the Propulsion System covers the thrusters, 
valves, lines, and storage tanks that provide impulse for small translation and 
attitude control maneuvers. Also covered are materials and equipment designed 
to control or dampen heat caused by impingement of effluent from the APS. 

1.4. 3. 3.6 THERMAL CONDITIONING 

This Level 6 element includes all devices provided especially to 
control temperatures of hardware elements in the propulsion system. As an 
example, this covers the thermal control of the engine and propellant feed but 
not of the APS. 

1.4.3. 3.7 INTEGRATION 

This element covers all work required for incorporating the Pro- 
pulsion System Level 6 element into the PCX Vehicle, and testing the System, 

Specific Inclusions : 

1. Detail design and analysis, including preparation, maintenance, 
and submittal of installation and final assembly drawings and Technical Studies 
and Analyses. 
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2. Tool engineering, tool manufacture and associated manufacturing 
aids required for the installation, mating and in-process checldng. 

3. Fabrication and installation of simulated parts, components, or 
assemblies necessary to later installation or mating operations, including pre- 
paration and maintenance of Manufacturing Planning Data, and Manufacturing 
Specifications and Procedures. 

4. Quality Assurance Effort consists of performing inspection 
verification during installation and mating of fluid systems and intei-facing 
checks. Nondestructive evaluation inspection, such as X-Ray, is included as is 
verification of cleaning process controls, proof pressure and lead checks, 
component closeout. 

5. Procurement of material and services, including supplier non- 
recurring and recurring costs, required to support installation. 

6. hi-process verification test of subsystems during installation. 

7. Tool liaison and tool maintenance during mating and final 

assembly. 

8. Mating of all Propulsion System elements. 

9. Tank cleaning. 

10. Data reduction and analysis. 

1.4. 3.4 MECHANICAL SYSTEM 

This Level 5 WBS element includes all macliinery or mechanisms 
imparting some action to a subordinate structural member or members. Included 
is the effort required to monitor the in-scope engineering design changes for 
producibility, to establish the incorporation point, and to prepare advanced 
planning instructions, process plans, log changes, tool orders, tool dravnng 
for new or changed tools, the liaison and tool fabrication effort. This also 
covers the preventive maintenance, calibration, improvement and periodic 
inspection of tooling, tool control and storage, and the maintenance of tooling 
and planning files. Individual components include latches, vent closing and 
opening devices, holding devices, actuators, and hinges. Level 6 elements 
are listed on WBS Sheet 2 and defined below. 
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Specific Inclusions; 


1. Design, development, test, and analysis; tool design, fabrication 
and maintenance; manufacturing of detail parts, components, assemblies, and 
subassemblies; support to reliability and safety; inspection; and the procurement 
activities to provide the lower level elements for installation and integration 
into the PCX. 

2. Test and support articles. 

3. Design and fabrication of specified models relating to this 

system. 

4. Fabrication of spare parts in support of production and test. 

5. Tooling and fabrication efforts required to install wiring har- 
nesses, conduits, plumbing assemblies, ducting, attachment provisions. 

6. Quality control and reliability inspection, including suppliers’ 
source inspections. 

7. Fabrication, repair, and overhaul of spare parts in support of 
operational flights. 

Specific Exclusions ; 

1. Checkout of the fully assembled PCX is covered by 1. 4. 1. 9. 

2. Valves are covered by the Propulsion System. 

1.4. 3. 4.1 ORBITER INTERFACE 

This covers all the mechanical hardware enabling the PCX to li n k 
with Shuttle and to separate from it in flight. It is limited to those items that 
will remain in the Shuttle during the flight of the PCX. Included is the opera- 
tional docking/ undocking attachment of the PCX to the Shuttle, the alignment 
and energy absorption subsystem, the retraction/ extension support subsystem, 
the x’eentr5^ purge subsystem, and the umbilical disconnects in the fluid/ electrical 
interface. Hinges and mechanical devices designed to retract and extend a dock- 
ing ring are incltided herein. A gnide arm capture latch, retraction cylinder, 
and latch spring are also included. The tubing, tubing fittings, hoses, cables, 
connectors, adapters, and interface supports are excluded and are covered 
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under other appropriate hardware WBS v^lements. The orbiter-to-adapter 
interface hardware is excluded, and is costed as Shuttle expense. 

1.4.3. 4. 2 PAYLOAD INTERFACE 

This Level 6 element is comprised of all mechanical devices asso- 
ciated with attachment of the PCX to its payload. The structural entities are 
covered under the appropriate Structural System Level 6 element. 

1.4, 3.4. 3 ACTUATORS AND OTHER MECHANICAL COMPONENTS 

This Level 6 element covers all engine actuators and other mechanical 
components necessary to orient the thrust vector control of the main engine and 
those actuators necessary to actuate all the valves in the PCX. Related struc- 
tural members are covered under 1.4. 3. 1. This Level 6 element also includes 
all mechanical devices associated with the PCX and PCX ground support equip- 
ment interfacing with the launch facility. Mechanical devices for gimballing 
TV cameras are also included. 

1.4. 3.4.4 INTEGRATION 


This includes all work required to incorporate the Mechanical Sys- 
tem Level 6 elements into the Space PCX Vehicle, and to test the system. 

Specific Inclusions ; 

1. Detail design and analysis, including preparation, maintenance, 
and submittal of installation and final assembly drawings and Technical Studies 
and Analyses. 

2. Tool engineering, tool manufacture and associated manufacturing 
aids required for the installation, mating and in-process checking. 

3. Fabrication and installation of simulated parts, components, or 
assemblies necessary to later installation or mating operations, including pre- 
paration and maintenance of Manufacturing Plaiming Data, and Manufacturing 
Specifications and Procedures. 

4. Quality Assurance effort consists of performing inspection 
verification during installation and mating of mechanical systems and interfacing 
checks. Nondestructive evaluation inspections, such as X-ray, are included as 
is verification of cleaning process controls and component closeout. 
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5. Procurement of material and services, including supplier non- 
recurring and recurring costs, required to support installation. 

6. In-process verification test of subsystems during installation. 

7. Tool liaison and tool maintenance during mating and final 

assembly. 

8. Mating of all mechanical system elements. 

9. Data reduction and analysis. 

1.4.4 SYSTEM SUPPORT 

This Level 4 summary WBS element covers miscellaneous activities 
not identifiable to any of the previously defined WBS elements. The five Level 5 
elements are shown on WBS Sheet 1 . Specifically included is that design, 
development testing, qualification testing, tool design, tool manufacture, tool 
maintenance, test hardware, procux-ement, manufacturing, assembly, trans- 
portation, and installation of items defined below. 

1.4. 4.1 SUPPORT EQUIPMENT 

This Level 5 element covers Groxmd Support Equipment, Factory 
Support Equipment, Special Test Equipment, Software, and Support Equipment 
Integration not relatable to a single Level 6 Space PCX Vehicle item. 

The Level 6 Ground Support Equipment is composed of deliverable 
equipment of those categories described in the following sxibelements: 

1. Servicing Equipment is that required to supply, distribute, and 
condition fluids or electrical power to the PCX vehicle. 

2. Handling Equipment is that required to support and handle the 
PCX vehicle, assemblies, and subassemblies. 

3. Transportation Equipment is that required to package and/ or 
transport the PCX vehicle, assemblies, and subassemblies. 

4. Checkout Equipment is that required to verify flight systems 
and other GSE, provide controls and monitoring, and distribute electrical 
signals. 
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5. Auxiliary Equipment is other GSE, such as access platforms 
and work stands, which are not included otherwise. 

The Level 6 Factory Support Equipment element covers the design 
and manufacture of those items of nondeliverable support equipment which 
satisfy unique Space PCX manufacturing test, checkout, access and handling 
requirements. 

Specific Liclusions ; 

1. Test and support articles. 

2. Propellant tanl^s multilayered insulation purge equipment. 

3. Spare parts for those support equipments listed above. 

4. Vehicles, equipment, and tools used to fuel, service, transport 
and hoist, repair overhaul, assemble, disassemble, test, inspect, or otherwise 
maintain the PCX vehicle and its Ground Support Equipment. 

5. Installation and activation of support equipment necessary to 
support the ground and flight tests. 

Specific Exclusions ; 

1. Spare parts provided for PCX hardware items. 

2. Dimensional and fabrication tooling, materials handling equip- 
ment, facilities, or laboratory test fixtures. 

3. System engineering integration activity, including reliability, 
maintainability, human engineering, and integration with the Orbiter contractor, 
is included in the subelements of WBS element 1. 4. 2. 

4. Standards and calibration services are included in element 

1.4. 2. 2. 

5. The purge bag integral to the multilayered insulation Is included 
in l.4. 3. 1.1. 

6. Integration effort required by WBS 1. 4. 2. 
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7. Development testing and quality testing, which is included in 
appropriate WBS hardware element. 

1, 4. 4. 2 FACILITIES 


Facilities encompasses the activation, modification, construction, 
aiid maintenance of all buildings (including furniture) , roads, utilities, equip- 
ment foundations, rail appurtenances, drainage ways, test stands, block houses, 
coax passages, trailers, and docks required for the administration, engineering, 
manufacturing, checkout, test and flight of the PCX vehicle and its related 
Support Equipment. Installation of tooling and Support Equipment in the buildings 
or on the foundations is covei-ed under WBS 1. 4. 3 and 1. 4. 4. 1. 

Specific Inclusions; 

1. Preproduction studies. 

2. Formulation and maintenance of Facility Plaii, Progress Reports, 
and Change Control Activities that relate to Facilities. 

3. Planning of use of Facilities, including Applications Evaluation. 

4. Capability Surveys. 

5. Drawings depicting installation of support equipment. 

6. Implementation of safety and environmental obligations. 

7. Inspection of new facilities or modifications. 

8. Analyzing requirements against existing facilities and planning 
the utilization of all facilities and facility equipment required for design, devel- 
opment, production, test, and checkout associated with the PCX, including 
preparation, maintenance, and submittal of the Facilities Plan. 

9. Maintenance of real property records. 

10. Coordination on facility planning and activation, including pre- 
paration, maintenance and submittal of the Facility Construction, Activities, 
Utilization, and Maintenance Report. 
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11. Activation of administration, manufacturing, and flight test 
facilities (where required) including Site Readiness Review. Activation includes 
the installation of all equipment and verification of facility-equipment-hardware 
interfaces. 


12. Supervision and accomplishment of facility design, modification, 
and new construction. 

Specific Exclusions ; 

Ancillary equipment that facilitates fabrication. 

1 . 4. 4 . 3 TRANSPORTATION 


This element refers to the services required to transport the PCX, 
its subassemblies and associated ground equipment from the point where it is 
finally assembled through the point of barge or air debarkation to the point of 
ultimate use at KSC or WTR. 

Specific Inclusions; 

1. The effort required to provide monitoring of the PCX while in 
transit to the launch site. 

2. Preparation and maintenance of the Transportation Plan included 
as a part of the Systems Support and Logistics Plan. 

3. The transporter crew and incidental materials and equipment 
for protection of the PCX during sMpment. 

4. Transportation from the barge landing or airport to the test site. 

Specific Exclusions ; 

1. In-plant transportation required during manufacturing buildup, 
test, and checkout is included under the specific WBS item to which it relates. 

2. Protective covers, shipping containers, handling equipment, 
etc. j are included under checkout, 1.4. 1.9. 
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3. Sliipment of manufactured details from the manufacturing site 
to the final assembly site are included in the element under which the item was 
manufactured. 

4. Transportation of the PCX within the launch site is covered imder 
the appropriate Level 5 element of Vehicle Support, 1. 4. 5. 

1.4. 4. 4 TRAINING 

This element refers to training services, devices, accessories, 
aids, equipment, and parts used to facilitate instruction through which personnel 
will acquire sufficient concepts, skills, cost consciousness, and attitudes to 
operate and maintain the PCX with maximum efficiency. This includes all 
endeavors associated with the design, development, and production of training 
equipment as well as the execution of training activities. 

Specific Inclusions ; 

1. Instructor and personnel training, including the preparation and 
maintenance of the Training Plan and Training Manual, and the preparation, 
maintenance, and submittal of the Training Requirements Analysis. 

2. Detail design and development of unique training equipment, 
including the preparation and maintenance of drawings. 

3. Training aids (as applicable) : 

a. Vertical display panels. 

b. Equipment group panels. 

c. Open frame panels. 

d. Electronic workbench panels. 

e. Animated panels. 

f. Composite panels. 

g. Charts, slides, and training manuals. 

h. Film video tape, and live video. 
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i. Interactive computer graphics. 


j . Configurations and programmed instruction. 

k. Other training aids. 

4. Training in support of Flight Operations. 

5. Travel allowances and per diem in connection with training 

exercises. 

6. Maintenance and shop support of training equipment and mainte- 
nance of cooling in support of Flight Operations Phase. 

Specific Exclusions ; 

Safety training is covered under 1. 4. 1.7 and quality training is in 

1. 4.1.6. 

1.4.4. 5 LOGISTICS SUPPORT 

This element provides the effort to implement and operate a 
logistics activity for the Space PCX and its related ground equipment. 

Specific Inclusions: 

1. Spares handling. 

2. Fabrication, maintenance, repair, and testing of spares. 

3. Warehousing. 

4. Inventory control. 

5. Propellant and gasses handling and control. 

6. Shipping and receiving. 

7 . Receiving inspection. 
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Specific Exclusions ; 


1. Planning and management functions are covered under 1. 4. 1. 2, 
Logistics Management. 

2. The spares themselves are covered imder the specific hardware 

categories. 

1.4.5 VEHICLE TESTS AND OPERATIONS 

This summai'y element encompasses all labor, materials, and other 
expenses required to conduct all major tests and mission operations of a PCX 
Vehicle. The subordinates are shown on WBS Sheet 1 and detailed below. 

Specific Inclusions; 

1. Provision of engineering/ technical effort required for the for- 
mulation of procedures, plans, checklists, and test reports. 

2. Liaison engineering for the support of planning for system sup- 
port activities. 

3. Removal of protective covers installed during transportation. 

4. Reassembly of PCX elements that were removed from the 
veliicle in preparation for transportation. 

5. Tool engineering, tool manufacture, and associated manufacturing 
aids required for reassembly and checkout after arrival at the test or launch 
site. 

6. Manufacturing planning data, specifications, and procedures 
specifying removal of eqiupment, reassembly, and site installation tasks. 

7. Quality inspection during assembly and installation, final 
vehicle inspection, and inspection support to tooling fabrication and tool 
maintenance. 

8. Materials and services I’equired during reassembly and 

installation. 
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9. Tool liaison and maintenance. 

10. Data reduction and analysis. 

11. Installation of pyroteclmic devices, if any. 

12. Test and operations planning, control, and wrap-up. 

Specific Exclusions ; 

1. Final assembly drawing, which is covered by 1. 4. 2. 2. 

2. Manufacturing aids which are used in integration elements are 
included imder 1.4. 3.1.6, 1.4. 3. 2. 5, 1.4. 3. 3,7, and 1. 4. 3. 4. 4. 

3. Identification and activation of all facilities and support equip- 
ment required at the site are included in the appropriate subelements of WBS 
elementsl.4. 4, System Support. 

1. 4. 5. 1 STRUCTURAL TEST SUPPORT 

This Level 5 element covers all work required to prepare the struc- 
tural test article for test, conduct the test, acquire data and analyze, and 
refurbish the hardware m preparation for follow-on tests. 

Specific Inclusions; 

1. Transportation of the test article to the test site. 

2. Installation of test article in structural test stand. 

3. Installation of strain gages. 

4. Checkout and quality inspection during test. 

5. Reports preparation. 

Specific Exclusions ; 

1. Costs of manufacturing test hardware are included under 1. 4. 3 
and 1. 4. 4. 1. 
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2. Facilities expenses are included under 1.4. 4. 2. 

3. Logistics support costs are covered under 1. 4. 4. 5. 

1.4. 5.2 DYNAMICS TEST SUPPORT 

This element includes all work required to prepare the structural 
test article for dynamics test, conduct the test, acquire data and analyze, and 
refurbish (if required) in preparation for further tests. 

Specific Inclusions ; 

1. Transportation of the test article to the test site. 

2. Installation of the test article in the dynamics test stand. 

3. Installation of any special measuring devices, such as strain 

gages. 

4. Quality inspection during test. 

5. Reports preparation. 

Specific Exclusions ; 

1. Test hardware and GSE are included under 1. 4. 3 and 1. 4. 4. 1. 

2. Facilities are included under 1. 4. 4. 2. 

3. Logistics support is included under 1. 4. 4. 5. 

1.4. 5. 3 PROPULSION TEST SUPPORT 

Covered herein are all expenses incurred in preparing the propulsion 
test article for test, installation of the engine, loading of the propellants, con- 
ducting the test, gathering the data and analyzing it, and refurbishing the vehicle 
in preparation for flight. 
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Specific Inclusions ; 


1. Transportation of the assembled PCX from the point of manufac- 
ture to the test site. 

2. Installation of the test vehicle into the test stand. 

3. Quality inspection. 

4. Reports preparation. 

Specific Exclusions ; 

1. Hardware and GSE costs are included in 1. 4. 3 and 1. 4. 4. 1. 

2. Facilities are covered under 1. 4. 4. 2. 

3. Logistics support costs are covered under 1. 4. 4. 5. 

4. Integration of Avionics components into the Propulsion Test 
Vehicle after the test is included under 1. 4. 3. 2, 5. 

1.4. 5.4 LAUNCH OPERATIONS 

This element covers all the work required to receive, assemble, 
install in the Orbiter, service and prepare, checkout and perform countdown 
for launch, and command during ascent the PCX Vehicle/ Payload until control 
of the Orbiter/ PCX system is turned over to Flight Operations. The work 
applies to flight tests and mission operations. 

The tasks include; 

1. Management of launch operations activities. 

2. Data acquisition and analyses. 

3. Tracldng ( up to Flight Operations acquisition) . 

4. Report preparation. 


57 


1 , 4. 5. 5 FLIGHT OPERATIONS 


This element covers all the work required to control the PCX and 
PCX/ Payload mission operations from the end of Launch Operations through 
reentry and landing. The work applies to flight tests and mission operations. 

The tasks include; 

1. Management of flight operations activities. 

2. Flight control. 

3. Mission iDlanning. 

4. Data Acquisition and analyses. 

5. Tracldng (from Launch Operations hand-over) . 

6 . Flight operations procedures preparation. 

7. Mission evaluation. 

8. Flight software. 

1.4. 5.6 RECOVERY/ REFURBISHMENT OPERATIONS 

This element covers all the work required to recover, refurbish, 
and deliver to launch operations for mission recycle the PCX vehicle ( and PCX 
payload if appropriate) . The work applies to all flights of the PCX. 

The tasks include ; 

1. Management of recovery/ refurbishment operations. 

2. Demating and removal from Oi’biter. 

3. Handling, packaging, transportation, refurbishment and trans- 
portation to laimch site. 

4. Implementation of engineering modifications. 


58 


5. Post-flight and post-refurbishment checkout 


6. Post-flight safing operations. 

7. Maintenance support. 

8 . PCX/ Payload mating and checkout. 

9. Integration activities. 
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APPENDIX B 

AUTOMATIC DATA PROCESSING FOR COST ESTIMATES 
PRICING AND COST ESTIMATING SYSTEM (PACE) 


1.1 


GENERAL SYSTEM DESCRIPTION AND PURPOSE 


The Pricing and Cost Estimating System (PACE) is an automatic data 
processing system designed to create a total cost estimate for any project over 
a period of up to eight fiscal years, using government estimated manhours, 
material, other direct costs, and labor and overhead rates, to develop a total 
estimated cost. 

The system is organized by subdividing each project into specific tasks 
to form a Work Breakdown Structure (WBS). Standard cost elements (either 
in manpower or dollars) are established for each WBS as follows; (l) manpower 
cost elements: engineering, manufacturing, tooling, quality and reliability 
assurance, testing, and other; (2) dollar-value cost elements: material and 
subcontract costs, travel, and other direct costs. These cost elements are 
summarized to the major WBS level and, using estimated labor rate data, 
potential contractors’ cost estimates are calculated. These calculations can be 
performed at any WBS level and for eight or fewer fiscal years according to the 
needs of the user. 

The major advantages of this computerized system include standardiza- 
tion of input/ output formats, increased responsiveness to manpower and rate 
fluctuations, and a substantial reduction in manpower and time requirements of 
the cost estimating process. The PACE System uses less than 1 minute of 
actual computer time to complete an estimate, as opposed to several days 
necessary to manually compute a project cost estimate. Clerical work is 
substantially reduced by using the PACE System because the computer printer 
rapidly produces the finished detailed cost sheets, and no typing is required. 

Attaclunent 1 is a flow diagram of the PACE System. 

1.2 COLLECTION OF DATA 


All original data are collected, verified, and prepared for input by the 
Cost Analysis Office. 

1. 3 INPUT PROCEDURES 

There are three types of input to the PACE System, all of which are 
entered into the system via standard 80-column computer cards: (l) table of 
contents data, ( 2) rate data, and ( 3) cost element data. 
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1. 3.1 


Table-of-Gontents Data 


Each table-of-contents card contains a numeric WBS level code matched 
to the appropriate task description as provided by the user. This table provides 
the organization for the total cost estimate report (see Attachment 2 and the 
following diagram) . Also included with the table-of-contents cards is a 
”contractor-estimated-fee” card (see Attachment 3). The figure entered in the 
first two columns of this card represents a percentage of the total estimated 
cost (fee) that a contractor would charge for the completion of a given project. 
This percentage is added to the total estimated cost giving a grand total ( see 
Attachment 4) . 

The WBS levels are summarized according to the following general 

scheme; 


1. 4.1.1 

1.4.1. 2 
1.4.1. 3 



1.4.1 -| 


1.4. 2.1 
1.4. 2. 2 


1.4.2 


1.4 


( EXAMPLE) 


LEVEL in 


LEVEL n 


LEVEL I (MAJOR LEVEL) 


1.3.2 Rate Table 


The rate table ( see Attachments 3 and 5) contains the user-supplied 
labor rates (hourly, monthly, or yearly), G&A expense, and overhead per 
fiscal year for as many years (up to eight) as are required by the user for a 
given project. The table is coded for identification by project. 


1.3.3 Cost Element Transactions 

Each cost element transaction contains a code identifying the manpower 
figures as being in manhours, manmonths, or manyears, the fiscal year, the 
WBS code, the manpower and dollar figures for the cost element, and a code 
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identifying the manpower and dollar figures of the cost element as being recur- 
ring or nonrecurring costs (see Attachments 6 and 7). This data are subse- 
quently summarized by the computer. Cost estimates are generated through a 
mulitplication of labor rates in the rate table b}^ the manhour figures, adding 
materials, applying overhead and G& A expense, and summing the results. 

1.4 OUTPUT PROCEDURES 

There are two output reports produced by the PACE System: (l) a 
transaction list and ( 2) a total cost estimate report. 

1.4.1 Transaction List 


The transaction list prints all cost element transactions as they enter 
the system ( see Attachment 7 ) . 

1.4.2 Total Cost Estimate Report 

The total cost estimate report is the principal output of the system 
(see Attachment 4) . The report is generated in descending order of the WBS 
with one page printed per WBS level. Each page contains the WBS code number’, 
WBS name, and project name. The fiscal years and cost element totals are 
arranged in columns, and the cost element manhours and labor/ overhead dollars 
are arranged in rows. A subtotal row for the columns is created, to which is 
added the G&A expense to result in total estimated costs for each fiscal year. 

The contractor fee is then added to the total estimated cost per fiscal year giving 
grand totals per fiscal year, as mentioned in Section 1. 3. 1 of this appendix. 

Three versions of the total cost estimate report can be produced, with 
the version name being shown in the report header for easy identification. The 
particular versions to be produced are controlled through "Flags” being inserted 
into the designated card columns of one of the two header cards submitted with 
the cost element transactions. 

The "Recurring and Nonrecurring Costs" version of the total cost 
estimate report (see Attachment 4) reflects the totals arrived at by using both 
the cost element transactions that have been identified as being recurring costs 
(an "R" punched in card column 80) and the cost element transactions that have 
been identified as being nonrecurring costs (an "N" punched in card column 80) . 
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The totals of the ’’Recurring Costs Only” version are arrived athy 
using only the cost element transactions marked ”R”. 

The totals of the ’’Nonrecurring Costs Only” version are arrived at 
by using only the cost element transactions marked ”N”. 

Another feature of the PACE System used in producing the total cost 
estimate report(s) is the design-to-cost capability. It may be necessary to 
reduce (or increase) the totals of a previously calculated estimate by a deter- 
mined amount to bring the totals more in line with the operating budget. This 
can be accomplished by inserting the appropriate design-to-cost factor into the 
designated card columns of one of the two cost element transaction header cards 
and rerunning the estimate using the same input. The desired amount of 
increase or decrease will be spread evenly at all levels of the WBS. The design- 
to-cost factor will be shown in the total cost estimate report header (see 
Attachment 8) . 
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STEPS REQUIRED TO DEVELOP A 
MANUFACTURING ESTIMATE 


Estimating for the manufacturing elements of a project should, as a minimum, 
involve the following basic steps: 

1. Management : 

a. Define the Management structure for Manufacturing Operations. 

b. Define Manufacturing Operations participation in the generation 
of overall program schedule. 

c. Establish Manufacturing processes and flow plan. 

d. Verify the availability of tools, processes and labor skills to 
meet the Manufacturing schedule. 

e. Define criteria for Make or Buy. 

f. List major assemblies and/ or tools to be subcontracted. 

2. Manufacturing Teclmology and Processes : 

a. Identify the processes required for implementation of the design 
in areas such as: joining, forming, machining, electrical 
fabrication finishing, thermal protection, fabrication, etc. 

b. Identify the major tools required and numbers of each. Prepare 
an estimate of tooling cost and specify which tools are Govei'nment 
furnished and which are contractor furnished. 

c. Prepare summary listing of Mock-ups and Breadboard 
requirements. 

d. Correlate tooling and manufacturing requirements to dovetail 
mth total program schedules. 

3. Assembly Sequence and Operations: 

a. Correlate the phasing of components and subassemblies into the 
assembly sequence. 


85 


b. Define the sidll mix and the ratio of support persoimel 
to production personnel. 

c. Estimate certification and training requirements. 

d. Compile special requirements, i. e., transportation, protection 
and packaging of raw materials, in process materials and parts, 
components, major assemblies, spares, test materials, and 
off-site requirements. 


APPENDIX D 


INSTRUCTIONS REGARDING COMPLETION 
OF WORKSHEETS 


A separate set of worksheets must be used for each Work Breakdown 
Structure (WBS) element. Tooling labor applicable to a given WBS must be 
listed separate from other types of labor, i. e. , labor needed to fabricate flight 
hardware. This requires the use of MSEC Form No. 441, titled Estimating 
Worksheet/ Labor, Exliibitfl. 

Tooling materials applicable to a given WBS must also be listed separate 
from other types of materials, i.e. , material \ised in fabrication of flight 
hardware and avionics. This requires the use of a separate MSFC Form No. 
441-1, titled Estimating Worksheet/ Matei’ials, Exhibit ^2. 

The heading on all Worksheet forms must be completed listing the date 
prepared, name of individual preparing worksheet and office or laboratory 
involved. If worksheet is being used for tooling check yes; check no if not 
being used for tooling. The applicable WBS number and title must be filled in. 

The various offices and laboratories are requested to complete the 
worksheets giving as much detail as possible and completing only those blocks, 
i. e. , Eng. , Mfg. , Q/ A Rel. , that are applicable to your office and/ or 
laborator3^ 


ATTACHMENTS: 

Exhibit#!, MSFC Form No. 441 
Exhibit #2, MSFC Form No. 441-1 
Exhibit #3, MSFC Form No. 441-2 
ExMbit#4, ?4SFC Form No. 441-3 
Exhibit #5, Functional Definitions 
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MSFC Form 441 Estimating Worksheet/ Labor 

Exhibit No. 1 is used to record the various tasks and the manhours required to 
perform those tasks. Rationale used in arriving at manhours should be included 
on this form. If not enough room is provided for rationale, a supplementary 
sheet may be attached, 


DYES MANHOURS 

PREPBV; □ NO ESTIMATING WORKSHEET/LABOR 

OFFICE/LAB; WBS TITLE 


m 

DESCRIPTION OF TASK 

ENGR. 

MFC. 

Q/A REL 

TEST 

OTHER 

RATIONALE 











mm 

■■■■ 


■■■ 

■■n 



MflFC* rorm <41 lAuiuiUlTO 


Exliibit No. 1 
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j\iSFC Form 411-1 (August 1974) Esli mating Worksheet/ Material 

Exhibit No. 2 is for purchased materials used in fabrication. If the draA\ing 
number is Imowii it must be included. This form is intended for listing all 
material (raw and/ or purchased finished) for each WBS. 

The source and basis used in arriving at cost should be included on this form. 
If there isn’ t enough room a supplemontar’y sheet may be added. 



Exhibit No, 2 
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A& PS- Form No. 256-3 Other Direct Cost 


Exliibit No. 3 is for Other Direct Cost as defined in Exhibit No. 5. Tliis Exlilbit 
is intended to show the information that wll be included upon completion by 
EL-02. 

The information desired from the various offices and laboratories includes 
number of trips, duration of trip, point of origin and destination, and number 
of days a rental car would be needed. If computer time is required, the tj''pe 
of computer, i, e. , UNIVAC 1108, and the total number of hours should be 
shown on this form. 

Costing of travel, computer and other (miscellaneous) will be done bj^ 

EL-02„ 


DATE; 

PREP BY; 


TRAVEL AND OTHER DIRECT $ 
WORKSHEET 


OFFICE/LAB: WBS TITLE 


TRAVEL 

OTHER DIRECT $ 

COMPUTER HRS 

RATIONALE 

TRIPS DAYS 
PER 
DIEM 





MSFC-F<»nn*«|.J 


Exhibit No. 3 
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MSFC Form 441-3 (August 1974) Summary Cost Data 

Exhibit No. 4 is used for spreading of manhours over the appropriate fiscal 
year. Manpower spread for a given WBS should reflect those manhours required 
to accomplish the work task in that particular WBS by fiscal ^ ear. 

Provisions have also boon made on this form to spread the materials cost by 
fiscal year for the same WBS. 

Travel and Other Direct Costs at the bottom of this form are as defined in 
Exhibit No. 0 Fmictional Definitions. 


0AT£:___ SUMMARY COST DATA 

onrn av GOV. FISCAL YEAR SPREAD 


OFFICE/LAB: WBS TITLE 


FISCAL YEAR 


76 

77 

78 

79 

wm 

81 

82 

83 

TOTAL 

ENGR. MANHOURS 

m 


Hi 

B 







MFG MANHOURS 

B 


B 

B 




Hi 

■ 


TOOLING MANHOURS 

(ENGR. AND MFG & QUAD 



B 

B 

■ 


B 

B 



QUAL & REL MANHOURS 





B 


B 



m 

TESTING MANHOURS 


bb 

IHI 

m 

m 

Hi 

Hi 

B 

IH 

H 

OTHER MANHOURS 


Hi 


B 

B 

Hi 

Hi 

B 

B 


TOTAL MANHOURS 










BH 

MATERIALS SUBCONTRACTS 

m 

HI 


;H| 

B 



^Hi 


hh 


mm 

mSm 




|H|H| 

IHHII 

IBHi 

■IHli 


TnAun 


iHHH 



mm 



;Hi 



OTHER DIRECT COSTS* 

B 

HI 

■ 



m 

IHI 


^H| 


COMPUTER HOURS 



m 

ilHI 


B 


Bh 

iBB 





Exhibit No. 4 
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EXHIBIT No. 5 


FUNCTIONAL DEFINITIONS 


Engineering — The study, analysis, design, development, evaluation and 
redesign for speoified subdivisions of work. Includes the preparation of speci- 
fications, drawings, parts lists, waring diagrams, technical coordination between 
engineering and manufacturing, vendor coordination, test plamiing and scheduling, 
analysis of test results, data reduction, and report preparation. 

Mamifacturing — Time expended on, or chargeable to, such operations 
as fabrication, processing, subassembly, final assembly, reworldng, modifica- 
tion, experimental production, and installation of parts and equipment (including 
Government furnished equipment) . This includes all effort on those parts that — 
because of their strength, configuration, or weight characteristics — are design 
controlled for the performance of the basic mission. Included are direct man- 
hours expended in the preparation and processing of material of any land (metal, 
plastic, glass, cloth, etc. ) . Preparation and processing includes but is not 
limited to all flasliing operations, annealing, heat treating, baking, refrigera- 
tion, anodizing, plating, painting and preflight or pretest and production services 
operations (prior to final acceptance of each unit) , Fabrication (the construc- 
tion of detail parts from raw materials) includes the hours expended in the 
cutting, molding, forming, stretching, and blanking operations performed on 
materials of any kind — metal, w'ood, plastic, cloth, tubing, etc. — to make 
individual parts. Experimental hours spent in construction of mock-up models, 
test articles, testing, reworldng during the test program, etc. should be con- 
sidered as direct manufacturing manhours, as should machine setup time when 
performed by the operator of the machine. 

Tooling — The planning, design, fabrication, assembly, installation, 
modification, maintenance, and rewoi’k of all tools, dies, jigs, fixtures, gauges, 
handling equipment, work platforms, and test equipment and Special Test 
Equipment (STE) in support of the manufacturing process. Includes time 
expended in the determination of tool and STE records, establishing make-or- 
buy plans and manufacturing plans on components and equipment, scheduling and 
controlling all tool and STE orders , and programming and preparation of tapes 
for all numerically controlled machine parts. Also includes preparation of 
templates and patterns, and form block manufacture. 

Quality and Reliability Assurance — All efforts prescribed by the proposed 
contractual reliability and quality program plans for the project except for por- 
tions of effort which are distinguished by these plans as being overall project 
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effort rather than functional reliability or quality effort; e. g. , design review 
may be prescribed by the reliability program plan, but the plan may px^escribe 
that all design review activity except that performed by the reliability organiza- 
tion should be charged as an overall engineering cost rather than a reliability 
and quality assurance cost. Reliability and quality assurance costs should be 
derived from specific task requirements in the reliability and quality pi-ogram. 
plans. Typical tasks include I’eceiving inspection, in-px'ocess and final inspec- 
tion of tools, parts, and subassemblies of complete assemblies; and reliability 
testing and failure report reviewing. 

Test — Time expended in the performance of tests on all components, 
assemblies, subsystems, and systems to determine operational characteristics 
and compatibility with the overall system and its intended operational/ 
non operational environment. Sueh tests include design feasibility tests, design 
verification tests, reliability tests, etc. ; and tests on parts, systems, and 
integrated systems to verify the unconditional sxiitability in meeting the criteria 
for intended usage. These tests are conducted on hardware or final designs 
that have been produced, inspected, and assembled by established methods. 

Also includes tests perfoimied by two or more associate contractors to sub- 
stantiate the feasibility, development, qualification, or acceptance of intei'face 
and/or interface system compatibility. Time expended in test planning and 
scheduling, data reduction, and report pi'eparation should also be included in 
tliis category. 

Other -- Includes program peculiar functional definitions that ai-e direct 
labor and are not covered in engineering, manufactuiTng, tooling, quality and 
reliability assurance, and test. An example woxild be program management that 
vdll be charged as dii-ect labor to the program. 

Materials 

Includes the cost of raw materials and parts that are I’eqxTii’ed in the 
pei’formance of the work. 

Ot her Direct Costs 

Includes the cost of ti-avel, per diem, automatic data processing, 
i-eproduction of printed matei’ials, and other items applicable to the WBS and not 
specifically identified vdth otlxer specific dii'ect and indii'ect categories of cost. 
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APPENDIX E 


EXCERPTS FROM APPLICABLE REGULATIONS 



NASA Procurement Regulations place specific requirements on the 
Center \vith respect to cost estimates and proposal evaluation. The following 
are excerpts from Part 3, Subpart 8 of those regulations which are relevant 
to the cost estimating fimction; 

I. Requirements in NASA Regulations for Preparation of Independent 
Estimates 

3. 802-1 ’’Knowledge of the product or service, and its use is essential to 
sound pricing. Before soliciting quotations, every contracting officer 
should develop, where feasible, an estimate of the proper price level of 
value of the product or service to be purchased. Such estimates may be 
based on a physical inspection of the product and review of such items as 
drawings, specifications and for the delivery requirements must neces- 
sarily rest with requirements and teclmical groups.” 

3.801-2(d) ’’Pricing based on cost analysis involves, among other things, 
an appraisal of estimates of costs expected to be incurred in the future. 
The accounting projection of trends based on cost or pricing data, 
together with any Imown changes therein, is only one method of con- 
ducting this appraisal — others being:” 

(i) An engineering appraisal of the need for the estimated labor and mate- 
rial costs and of tooling and facilities, and the reasonableness of scrap 
and spoilage factors, and 

(ii) The preparation of independent estimates by competent technical 
personnel. 

3.807-2 Requirement for Price or Cost Analysis Para., (b) (l): 

”. . . Price analysis may be accomplished in various ways including the 
following: 

( v) the comparison of proposed prices with estimates of cost indepen- 
dently developed by personnel with the Procurement Office;” and 

Paragraph (c) (3) 

”... the evaluations that should be made where the necessary data are 
available, are comparisons of a contractor’ s or offeror’ s current 
estimated costs with: 

(iii) current cost estimates from other possible sources;” 
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II. 


Requirements in NASA Regulations for Team Approach to Cost Estimating 


3. 8 01 -2(a) & (b) ’’The contracting officer shall avail himself of all 
appropriate organizational tools such as the advice of specialists in the 
fields of contracting, finance, law, contract audit, engineering, and 
price analysis;" 

"To the extent services of specialists are utilized in the negotiation of 
contracts, the contracting officer must coordinate a team of experts, 
requesting advice from them, evaluating their counsel, and availing 
himself of their skills." 

ni. Requirements in Source Evaluation Board Manual 

NHB 5103.6 — NASA Source Evaluation Board Manual 
Chapter 2: Evaluation Factors and Criteria 

Paragraph 200-3. "In making the selection, the official considers all 
nertinent factors; . . .what it will probably actually cost the Government. ." 

"Getting the proposed work done properly is always important, and so 
is the forecast cost of it. The likely cost is not necessarily the pro- 
posers' estimate of costs; rather it is our assessment of what would 
likely ensue. . ." 

Paragraph 202-1 "The principal aims of the SEB in the analysis of costs 
are to advise the Source Selection Official concerning ( a) the validity of 
costs as proposed; (b) the probable cost to the Government of accepting 
each proposal in the competitive range; (c) the probable difference among 
the proposers, including tho:se due to differences in business methods and 
operating procedures and practices; and (d) its level of confidence in its 
analyses and projections regarding costs as they pertain to each fully 
evaluated proposal." 
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APPENDIX F 
GLOSSARY 

DEFINITION OF TERMS 
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GLOSSARY 


Contract Change Estimate 


Cost Data Bank 


Data Bank 


Data Base 


Design to Cost 


An estimate developed independent of the 
contractors’ proposal submitted in 
response to a change directed pursuant 
to the ’’changes” clause of an on-going 
contract. 

A compilation of logically derived rates 
of cost developed from candidate aero- 
space contractors for improving rough 
order of magnitude estimating. 

The systematic accumulation and storage 
of historical cost and performance data 
for quick and easy retrieval in the form 
desired for estimate development. 

The identification and accumulation of a 
group of data which may serve as a source 
of information for construction of a data 
bank. 

Design -to- cost is a process utilizing 
unit cost goals as thresholds for managers 
and as design parameters for engineers. 
The dollar value for each goal represents 
what the Government has established as 
an amount it can afford (i. e. , is willing 
and able) to pay for a unit of equipment 
or major subsystem which meets estab- 
lished and measureable performance 
requirements at a specified production 
quantity and rate during a specified 
period of time. 
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Estimate Coordinator 


Estimate Assumptions 


Estimate Groundrules 


Estimate Handbook 


Estimate Input 


Estimate Manager 


Estimate Rationale 


Person( s) within the organizational 
entities of MSEC responsible for providing 
estimate input which coordinates and com- 
municates all estimate instructions to the 
individuals within his organization. 

The establislunent and documentation of 
a basis for quantifying those areas between 
given or loiown conditions and those areas 
where complete program definition is not 
available. 

The identification and docmnentation of 
the parameters, both teclinical and 
administrative, applicable to the project 
being estimated. 

A collection of uniform multipliers, such 
as unit cost per unit of resource and a 
detailed description of a methodology to 
be applied to the estimating process. 

The preparation and delivery of data 
including the assessment and quantifica- 
tion of all materials, services, travel, 
and cost associated therewith, in a form 
suitable for developing a total program/ 
project estimate. 

The designated individual within the 
Government Cost Estimating Office 
responsible for coordinating, developing, 
and publisliing the Government estimate. 

The documented basis for assessing labor, 
material, and other activities and costing 
for both individual components and the 
complete estimate. 
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Estimating Worksheets Standardized formats developed for 

preparation and accumulation of estimate 
input. These worksheets are developed 
by the Cost Estimating Office Manager 
and established compatibility with other 
estimate formats of computations. 

Estimate Types 

(1) Grounds-Up Estimates (Also An independent Government ’’grounds- 

called ’’Grass-Roots,” ’’Bottoms- up” estimate is an estimate made by the 
Up,” ’’Industrial Engineering Government of the most probable costs 

type,” ’’Building-Block” or of contracting with industry for a given 

’’Built-Up” estimates) product, service, or mission based on 

the use of detailed, direct, and/ or 
statistical estimates of the labor, inate- 
rials, and equipment required to accom- 
plish each element of work. The tech- 
nique entails the examination of separate 
items of work at a low level of the work 
breakdown structure with estimates 
developed for the functional costs of 
engineering, manufacturing, quality 
assurance and reliability testing and 
tooling. 

These estimates employ a mutually 
agreed upon labor rate structure for 
each skill and for each fiscal year covered 
by the project being estimated to develop 
labor costs. Total costs are derived by 
summing labor material, and subcontract 
costs for all elements and adding other 
direct changes overhead, general and 
administrative expenses, and fee. 

(2) Parametric Estimates The parametric cost estimating technique 

predicts costs by means of explanatory 
variables such as performance charac- 
teristics, physical characteristics, and 
characteristics relevant to the develop- 
ment process as derived from experience 
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Parametric Estimates 
( Concluded) 


(3) Detail Estimate 


(4) Direct Estimate 


( 5) Statistical Estimate 


on logically related systems. The 
statistical teclinique of regression 
analysis is often used to derive the 
relationships between two or more 
meaningful variables such as total dollar 
costs of development and weight. The 
expression of cost in terms of any 
physical or performance characteristic 
is called a cost estimating relationship 
( CER) . The cost data derived from one 
or more CERs is used as the basis for 
developing a parametric cost estimate 
for an entire system. This technique 
may also be used to develop manhour 
and material estimates. 

This teclmique entails the estimating of 
separate items of work to the lowest 
level of the Work BreaJcdown Structure 
(Work Package Task) by functional costs 
of Engineering, Manufacturing, Quality 
Control, etc. , which are in turn broken 
down by labor, material, and other 
elements of cost for each item. 

This teclmique entails the estimating of 
the manhours and materials required to 
perform a specific element of the WBS 
and generally are made at a summary 
level. Direct estimates are based on 
the professional judgement and experience 
of the individual s) making the estimate. 
The validity of the estimate for the most 
part is dependent on the professional 
qualifications of the estimator. 

Statistical estimates are obtained by 
projecting Icnown quantities from an 
existing data base and adjusting the 
results by judgemental factors to create 
a comparable situation. This teclmique 
is most useful when analyzing proposals 
for follow-on effort or for estimates to 
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Statistical Estimate 
( Concluded) 


complete. Careful consideration should 
be given to the consistency of assumptions 
from one program to another. 


(6) Rough Order of Magnitude The assessment of overall program cost 

by generally sizing the job to be done in 
gross terms. 


Investment Analysis 


Kick-Off Meeting- 


Most Probable Cost 


The assessment of funding requirements 
to assure optimum utilization of program 
financial resources by determining fund- 
ing levels for specific increments of 
performance. 

The initial meeting of representatives of 
the Program Office, estimate manager 
and estimate coordinators to establish 
estimate guidelines, ground-rules, 
schedules, and other estimate parameters. 

The assessment of all program require- 
ments to arrive at the most probable 
cost for total program completion based 
either upon optimum program development 
or a specific contractor approach described 
in a proposal for project procurement. 


Plan of Action Memorandum The documented agreements reached in 

the kick-off meeting. 


Performance Measurement System Contractor measuring and reporting sys- 
(PMS) tern of cost, schedule, and performance 

criteria. Timely visibility of the con- 
tract baseline, changes, planned versus 
actual experience, and variance analysis 
are provided. 

Work Breakdown Structure A subdivision of work required to achieve 

(WBS) an objective which is structured suc- 

cessively into systems, subsystems, 
components, tasks, subtasks, and work 
packages. 
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Preliminary estimate 


Strawman Estimate 


The initial compilation of estimate input 
and publication of a complete program 
estimate based upon a single set of 
assumptions. This preliminary estimate 
may then be updated during program/ 
project refinement to reflect the final 
estimate for program management 
throughout the contract performance 
phase. 

A ”stra^vman” estimate is a preliminary 
estimate made for the purpose of com- 
puter checkout, for comparison with 
budgetary figures, or for developing 
proportions of costs to be allocated to 
elements of cost and/or elements of 
work in a ”design-to-cost" situation. 

This type of estimate is used for verifying 
estimating methodology, evaluating new 
estimating teclmiques, or for analyzing 
cost trade-offs for alternate designs or 
alternate schedules. 
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